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ERRATA. 

Page 12, lino 15, and elsewhere. For " plivmnii" rend "plasm." (The terminal "a" baa 
been added, both here and ut lutervals throughout the text, in error.) 
17, lineV. Kor ■' plaema" fviuf " plaamii." 
29, line 14 from end. For " of " read " or. "■ 
29, line 11 from end. For " refuse " read " fnae." 
64, line 8 from end. For "violent " read "violet." 
68, line 8 from end. For •' through the " read '• throngh which the." 
. 104, line i. For " cold saturated " read " cold-aaturated." 

, line 19, should read: "The Cysticeroi [Cysficercus /atdotarix) of Tienia crarfd- 

coUis are vety distinct." 
, line 24. For "armature and position " read " ftrmatute, position." 
. 112, line i from end. For " Ealine, which " read " saline, and." 
, 146, line 3 of footnote. For "oval" read "ova." 
, 153, line 17. For "develops " read " develop." 

. 1S7, lines 19 to 13 from end, sliould read : " present a bilateral arrangement. ' The 
shape of the embryonal sac is also very similar, being drawn out. in both species, 
into two loDg unbrauched hornn. The species are distinguished from one 
another by their length, which, in M. denticuiata, is 40 cm. and in M. expataa 
is 4 to 5 metres ; by the consequent difference iu the time necessary lor the 
development of the pcoglottideB ; and by the occurrence, in J/, expania, of inter-" 
„ 104,line24. Fnr " Filaria " read " Filariie. " 
,, 180, line 18. For " Oamasida " read " Gamasidie." 
„ 181, line 7. For " Ctftoteichtdic " read " Cytoleichidte. " 

,, 193, lines 14 and 16. For " CutwoUe, the QoitricoUe, and the Cavkatir. Tbo " reaij 
•• cuticolie, the gaslricolte, and the cavicole. The." 
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A HANDBOOK OF 

PRACTICAL PARASITOLOGY. 



PROTOZOA. 

A.— GENERAL SURVEY. 
I. iNTBODnCTOBT : UpOH the 0BGA.N1ZATION OF THE PEOTOZOA. 

Tee Protozoa are smgle-celled animal oi^aniams which may 
attain to comparative complexity of stracture, owing to the fact 
that their body-parts vary according to the functions which they 
are required to perform. These modifications do not, however, affect 
the unicellular "form-value" of the organism, and for this reason 
the modified processes of Protozoa are termed "cell-organs" or 
" organelles," to distingaish them from the true organs, built up 
of many cells, of the Metazoa. The most important of these 
organelles are as follows : — 

1. — Organelles of Protection and Support. 

(i.) Superficial Modifications. — In the case of the greater number 
of the Protozoa a viscid, hyaline, outer or ectoplasm (ectosarc) ia 
distinguished from a more liquid and grannlar inner or endoplasm 
(endosarc). In many parasitic varieties, however, and especially the 
cell-parasites, there is no differentiation of ecto- from endoplasm. 
In others, the difference is too slight to maintain constancy and 
distinction of form ; hence the changes in shape of the Amcebse> 
Stability of form is maintained by means of a thickened outer layer 
of plasm, and this is termed variously periblast (of Flagellates), 
cuticle (of Oregarines), and pellicle (of Infusoria and soil Amcebee). 

(ii.) Axis-fiXaments occur in many of the Flagellates. Their purpose 
is to maintain constancy of form. Tbey are seen in Trichomonas, 
Herpetomonas, and in several of the Trypanosomes. 

(iii.) Protective secretions of the protoplasm are frequently observed 
in the parasitic Protozoa in the developmental stage at which tbey 
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2 PBACTICAL FABASITOLOOT 

convey infection. They take the form of cysts or shells, the latter 
occDrrinf^r in the cnidospores of the Myxosporides and their congeners. 
During the process of encystiog, the formation of the trae bard 
cyst is frequently preceded by the secretion of a casing of mncoas 
or colloid matter. Propagation within the cyst may follow, bat it 
is by DO means the rule (compare, for instance, Balantidium coli). 

2. — Organelles of Movement. 

(i.) Psetidopodia. — Variously shaped processes thrown out by proto- 
plasm, which are capable of slowly changing their form. They are 
projected and withdrawn, giving rise to the characteristic " amoeboid 
movement," a kind of flowing or rolling progression. 

(ii.) Flagella (Whips). — Long, fine, plasmic processes occurring 
in small numbers only. Like the tail of the spermatozoon, these 
flagella are furnished with an elastic axis-filament which serves as 
a support, and by means of which they are able to perform rapid 
waving movements, generally in a spiral direction. 

(iii.) Cilia (Filaments). — Hair-like projections from the plasm, 
shorter than the flagella, and generally present in larger numbers. 
They are arranged in regular rows and move successively in a definite 
direction in waves. They are characteristic of the Ciliata. The 
amalgamation of several cilia in a cross-row gives rise to ciliated 
lamellfe or membranelles. 

(iv.) Myonemes. — Contractile fibrills not unlike the muscle fibrillse 
of the higher animals. They are arranged either lengthwise or across 
the body, and occur in the Flagellates, Gregarines, and Ciliates. 

3, — Organelles of Metabolism. 

(i.) Special organs for the ingestion of food are not present in those 
Protozoa which live in a medium containing nutrient matter, and 
which obtain food solely by endosmosis. Sach are the Trypanosomes, 
Coccidia, and Gregarines. The greater number of the Protozoa, 
however, ingest solid food, and in these cases the pseudopodia, flagella, 
and cilia are employed to encircle the food-substance and whirl it 
within reach of the organism. Nearly all the Ciliates and a large 
number of the Flagellates possess, for purposes of ingestion, a special 
constant oral part (cytostome). In its simplest form it is an opening 
in the ectosarc, frequently coutinuing as a canal (cytopharynx) which 
penetrates a greater or less distance into the interior of the organism. 

(ii.) The food-vacuole plays an important part in the digestion of 
solid material. The bolus of food is surrounded by a bubble-shaped 
liquid agglomeration, into which acids and ferments from the surround* 
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ing protoplasm are secreted, and these dissolve the assimilable 
constituents of the food-bolns. In certain species, however, this 
phenomenon may he absent {Amceba blatUea). 

(iii.) Defecation, the rejection of undigested food-remnants, is 
accomplished by means of a constant anal part (cytopyge). In the 
Flagellates and the Khizopods, however, there is no fixed localization 
of the act of defiecation. 

(iv.) The contractile vacuole is almost invariably present in the 
freshwater Protozoa, but is absent in most of the marine and in 
nearly all the parasitic varieties. With the exception of the Opalina, 
it is, however, generally present in the Ciliates. It pulsates regularly, 
becoming gradually filled and then suddenly discharging its contents, 
and is generally regarded as an organelle both of respiration and 
excretion. There are certain Amcebee which possess a contractile 
vacnole, but which shoald not be included among the true parasites ; 
they are to be regarded rather as saprophytic commensals. 

The nucleus of the Protozoon is more varied in form and more 
complicated in structure than was formerly believed to be the case. 
There is frequently to be found within the nucleus a round inner body 
called the car yo some. This caryosome reacts more strongly to 
certain stains than do its surroundings, and in this way it is sometimes 
of practical service to the scientist. In colour solutions, for instance, 
the parasitic Amoebss may be distinguished from the leucocytes by the 
shape of the nucleus, which, in the case of the former, is quite dis- 
tinctive. It is important to remember that chromatic substances 
may be released from the nucleus, and may distribute themselves in 
smaller or larger fragments (chromides) in the plasm. Or, under 
certain conditions, the entire nucleus may break up into chromides. 
Such chromides are observed in the parasitic Amcebse and others. 
In connection with the structure of the nucleus one other point 
requires mention. A functional double nucleation is frequently 
observed, which may be of two kinds. In the one case, one of the 
nuclei is a nucleus of metabolism, and the other a nucleus of repro- 
duction (Infusoria). In the second case, somatic and generative 
chromatin are not separated, but are combined in both nuclei, while 
the division of function is such that it is customary to speak of a 
" principal " nucleus and a " locomotor " nucleus. An instance is 
provided by the Trypanosomes, the locomotor nucleus being here 
termed the " blepharoblEist." 

Propagation among the Protozoa is effected as follows : — 

(i.) By Division. — The word may be used either in its narrower 
sense of a splitting into two, the daughter-organisms being of equal 
size ; or it may be used in the sense of budding, the daughter- 
individuals being of different sizes. 
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(ii.) By Multiple Division. — The breaking np of the organism into 
a large number of daugbter-celU. Under this heading are included : — 

(a) Schizogony. — Multiple vegetative reproduction in the unen- 
cysted condition, the new individuals being known as merozoites. 
The process may be repeated several times. 

(&) Sporogony. — A multiple vegetative reproduction which occurs 
once and without immediate repetition as the result of previous 
fecundation, and generally takes place witbin a cyst. The daughter- 
individuals are known as sporozoites. 

(c) Gamogony. — Multiple reproduction of sexually immature indi- 
. viduals, the progeny, known as gametes, being sexually mature. 

The combination in one species of several methods of propagation 
constitutes an alternation of generation. 

Fecundation among the Protozoa consists in the merging of two 
nuclei and the production of a new homogeneous unit, known as the 
" new cell." It may take place in one of three ways : — 

(i.) Copulation. — Xbe merging of two distinct individuals (gametes) 
to form a new homogeneous individual. The sexually immature 
individuals are known as gametocytes. Their development into 
sexually mature, similar or dissimilar, gametes is the result of : — 

(a) The reduction of the nucleus without division of tbe cell, as in 
the macrogametes of the malaria parasites and the Coccidia. 

(5) Simultaneous multiple reproduction by gamogony, as seen in 
the Gregarines and in tbe formation of the microgametes of malaria 
parasites and Coccidia. 

(ii,) Conjugation. — Here there is no merging of separate organisms, 
the meeting of the two conjugating individuals being quite transitory. 
They remain in contact only long enough to exchange portions of the 
nucleus, a free or male nucleus passing from each into the other, 
where it combines with a stationary, or female, nucleus to form the 
new cell. This method is characteristic of tbe Infusoria. 

(iii.) Autogamy. — In this case the entire process of propagation is 
carried out by a single individual. The method varies in different 
species, but in all cases two gamete nuclei are produced which unite 
to form a single new cell (Amoebae, Myxosporides) . 

II. General Bemabks upon the Technique of Esamininq 
Peotozoa. 

The importance of using living Protozoa for purposes of investiga- 
tion cannot be over-estimated. Without a knowledge of the motor 
phenomena, it is impossible to understand in its entirety the organiza- 
tion of certain species, such as the Amcebee, Flagellates, and Infusoria. 
But, apart from this, there are certain peculiarities of structure which 
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either are not apparent in the preserved and coloured specimen, or 
are, at any rate, seen to much better advantage in the living object. 
It is tcue that the examination of hving Protozoa, is sometimes a 
matter of diSBculty as, for instance, where the individuals are very 
mnch crowded together ; where the plasm is exceptionally rich in 
light-refracting contents ; or where opaque cyst- or shell-formations 
are present. But, if the correct diaphragm is used with the micro- 
scope, it is generally possible to obtain a, view of the greater portion 
of the internal structure. Wherever fresh material is forthcoming, 
the living organism should always be examined first. 

It is, however, expedient, and in certain kinds of scientific work it 
is indeed absolutely essential, to combine the two methods. Coloured 
specimens should be prepared and examined, after which the fresh 
material should again be studied. The knowledge gained by examina- 
tion of the coloured specimens will show the living organism in a new 
light, and reveal the true significance of many details which at first 
escaped attention. 

Wherever possible, parasitic Protozoa should be examined in their 
natural medium, i.e., intestinal parasites in undiluted feeces or intes- 
tinal secretion ; blood parasites in blood ; and tissue parasites in 
lymph. 

Should it be necessary to filter the liquid in which isolated parasites 
are to be examined, and especially where this liquid is obtainable only 
in very minute quantities (as the intestinal secretion of insects), the 
following method should he adopted : The preparation from which the 
liquid is to be obtained (in this instance a section of the intestine) is 
placed upon a morsel of filter paper on a cover-glass. The fluid rapidly 
filters through the paper and appears as a thin film upon the glass, to 
which the parasites to be examined are tbeu transferred. Should the 
natural fluid be insufficient in quantity — and this ie very frequently 
the case when examining the parasites of small insects, such as mos- 
quitoes — it may be increased by the addition of normal saline solution. 
Bat it must be borne in mind that the addition of normal saline will 
shorten the life of the parasites. For this reason, it is sometimes 
better to increase the quantity of natural hquid by supplies drawn 
from the bodies of individuals of the same species as the host, the 
method of filtering above described being employed wherever necessary. 

When studying the more active of the Protozoa (Flagellates, 
Ciliates) it will frequently be found necessary to restrict their motility 
to a certain extent. This is best done by increasing the viscosity of 
the medium in which they are to be examined by adding some colloid 
matter. The dried and bleached seaweed sold by druggists under the 
name of carragheen (it consists mainly of CJiondrus crispus with a 
small quantity of Gigartina mamillosa), which, when soaked in water 
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swells up into a slimy colloid mass, is eminently suited to the purpose. 
The gradual thickening of the medium does not appear to harm the 
Protozoa, while its effect in retarding their movements not only 
facilitates observation, but in some cases is the sole means by which 
such is rendered possible. The best method is to put the seaweed 
into a howl with some water, and when it has swelled to the consist- 
ency of a thick Bymp, to introduce a small portion of the- mass under 
the edge of the cover-glass. Where the Infusoria or Flagellates are 
not free-living but parasitic, the carragheen should be soaked in 
normal saline solution, serum, &c., instead of water. Another way 
is to add small portions of carragheen directly to the preparations, 
hut in this case undissolved particles of weed are liable to get in the 
way and render observation difficult. 

This method of reducing the activity of Protozoa is one which 
I invariably employ. I find that carragheen is more convenient to 
use and offers better results than cherry gum, gum arabic or gelatine. 
Statkewitsch * says that carragheen may be safely added to cultures 
of Protozoa. If this is done, however, the pieces of carragheen 
should first be washed in ^ to 1 per cent, solution of bicarbonate of 
sodium, they should be allowed to remain in the culture five to ten 
days, and at the end of that time all undissolved particles should he 
removed. After three to four weeks, the water in which the cultures 
are kept must be carefully changed, and at the end of a further three 
days fresh carragheen should be added. Paramcecia may be kept for 
months like this, withoat in any way suffering from the viscidity of 
the medium. The method possesses a certain analogy with that of the 
cultivation of Amceba upon solid media (see later). 

Not the structure only, bat the development of the Protozoa should 
be studied as far as possible in the living organism, the various stages 
presenting themselves to the student as a series of isolated but con- 
secutive impressions. Care must be taken to prevent the medium in 
which the Protozoa are to be examined — and this applies particularly 
to the parasitic Protozoa — from becoming more concentrated by 
evaporation. The specimens should be prepared as rapidly as pos- 
sible, and the edge of the cover-glass should at once be painted round 
with vaseline. Under these conditions the great majority of the 
parasitic Protozoa will remain alive for about two hours. 

In addition to the usual microscopic methods, it is an advantage 
to study living Protozoa by means of drop cultures. For these it is 
necessary to nse a glass slide which has been hollowed in the centre, 
or (though this is less satisfactory) a glass slide on to which a glass 

' P. Statkewitsch, " Zur MethodDc der biologischen Untereuchungen jiber die 
Protisten," AnU. f. ProtUtenkunde, vol. v, 1904, pp. 17-89. 
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xiug IB cemented. A small flat drop of the material to be exiimined 
18 placed upon a cover-glaes, which is then arranged tipon the glass 
sijde with the drop immediately over the hollow. To render this little 
cbajnber air-tight, a ring of -vaseline is previously painted round the 
hollow in the glass slide, and into this the cover-glass is gently pressed. 
Attempts to obtain pure cultures of Protozoa have frequently been 
mode, but in the nature of things sach experiments could only be 
successful in the case of species which are nourished entirely by 
endosmosis. But even among these, certain very delicate cell para- 
sites, such, for instance, sa the Coccidia, are not, as far as our present 
experience goes, susceptible of cultivation in artificial media. Up to 
the present, pore cultures have been uosnccessfal, except in the case 
of the flagellate blood parasites (see later, under special heading). On 
the other hand, certain of the Protozoa which depend for their nourish- 
ment opon solid matter, such as the AmoebEB, may be fed with bacteria, 
and in this way cultivated in a form the practical value of which 
approximates very closely to that of the true pure culture (see later, 
under special heading). 



The study of the more minute cytological details, and especially 
the structure of the nucleus, necessitates the colouring and fixing of 
the organisms. This may be done in the form either of sections or of 
cover-glass preparations. It should not be forgotten that, under 
certain conditions, fixing and colouring may have a diagnostic value. 
With regard to procedure, it is beyond the limits of this work to give 
more than an account of the methods which are of particular value in 
examining Protozoa. For all other information the student is referred 
to the text-books on the subject. 

The most important fixing mixtures are the following : — 
Alcoholic Solution of Mercuric Chloride (Schaudinn). — A mixture 
of 1 part absolute alcohol and 2 parts saturated solution of 9ier- 
cnric chloride. The latter ingredient is obtained by dissolving per- 
chloride of mercury in boiling normal saline solution (0'75 gramme 
NaCl in 100 c.cm. distilled water) in such proportions that when the 
liquor cools a few crystals of percbloride of mercury are deposited. 
The proportion of mercuric chloride to alcohol need not he exact. 
I Qsually mix them by the eye in a test-tube. The mixture should be 
need warm (about 50° to 60° C.) and should take effect upon cover- 
glass preparations in about two to five minutes. Larger objects take 
proportionately longer. The specimens are then washed, first in 
50 per cent., then 70 per cent, alcohol. They are next transferred 
to iodine alcohol, that is, 70 per cent, alcohol to which sufficient 
tincture of iodine or, better still, Lugol's solution (aqua destillata 100, 
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potassium iodide 6, iodine 4), has been added to make it the colour of 
port wine. Specimens are allowed to remain in this until they begin 
to tntn a pale yellow (covei-glass preparations, about a quarter of an 
hour) ; they are then again rinsed in 70 per cent, alcohol, and are 
hardened (at least a quarter of an hour) in 80 per cent, alcohol, where, 
unless they are to be stained or embedded immediately, they should 
remain for future use. 

Osmic Acid (Lee). — A mixture of 2 parts osmic acid in 100 parts 
of a 1 per cent, chromic acid solution should be kept in readiness as 
a foundation for Flemming's mixture and for the fixing of cover-glass 
preparations in osmium vapour. This latter method may be employed 
for blood parasites and Infusoria (see later, under special heading). 

Acetic Acid Solution of Chromium and Osmiwrn (Flemming). — One 
part of the above osmic acid mixture, 4 parts 1 per cent, chromic 
acid, 2 parts 1 per cent, acetic acid, 13 parts distilled water. This 
mixture should not be prepared until it is required for use. It may 
be employed with advantage for the preservation of blood containing 
parasites, for cover-glass preparations of certain Protozoa, as well as 
for small portions of organs containing parasites. It acts upon thin 
cover-glass preparations and upon blood (the latter should be allowed 
to drop into the solution) in ten to fifteen minutes ; and upon pieces 
of organic tissue, which should be as small as possible, in half an hour 
to one hour. The specimens should be very carefully washed in distilled 
water, after which they are transferred to alcohol, the concentration 
of which is gradually increased. They are finally coloured with iron- 
hsematoxylin or aniline dyes, or (though this is not so good) with 
ordinary htematoxylin or carmine. 

Acetic Acid Solution of Chloride of Platinum and Osmium (Her- 
mann). — Fifteen parts 1 per cent, platinic chloride solution, 1 part 
glacial acetic acid, 4 parts 2 per cent, osmic acid. To be used instead 
of Flemming's mixture and in the same way. 

Acetic Acid Solution of Picric Acid and Mercurial Sublimate 
(Rath), — Equal parts of saturated solution of mercuric chloride (see 
alcohol sublimate) and picric acid (1 per cent, in distilled water), with 
the addition of i to 1 per cent, glacial acetic acid. Very useful for 
fixing portions of tissue containing parasites. Specimens should be left 
in the mixture for several hours, after which they should be washed, 
first in 50 per cent., and afterwards in 70 per cent, alcohol. 

Picro-foTTOol (Bouin). — Fifteen parts saturated watery solution of 
picric acid, 5 parts formalin (of commerce), 1 part acetic acid. This 
is said to produce very good results indeed, and is employed in the 
same way as picrin-subliraate. 

Absolute alcohol is used to fix dry cover-glass preparations (see 
later, under Examination of Blood). 
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Parasitic Protozoa are fixed either in cover-glass preparations or in 
tiesaes from which sections are to be cut. 

Cover-glass preparations should be made exclusively upon cover- 
glasses, as these are easier to manipulate in the later stages of 
preparation than glass slides. 

Cover-glass preparations from organs are made by taking a portion 
of the organ to be examioed in the forceps and passing the cut side, 
ander gentle pressure, over the cover-glass. 

Cover-glass preparations of bowel-contents can be made in a 
similar fashion by passing portions of the mucous membrane, or 
morsels of solid fascal matter which are sufficiently firm to be held 
in the forceps, over the sarface of a cover-glass. 

Cover-glass preparations of fluids (blood, liquid bowel-contents, 
&c.) are made as follows : A smalt drop of the fluid to be examined is 
placed upoD a cover-glass near the edge. A second cover-glass is placed 
at an acute angle, with one edge resting upon the first cover-glass, and 
in such a way that the liquid spreads itself in a long strip along the 
lower edge of the second cover-glass. By a movement of the second 
glass upon the first, at right angles to the edge at which both glasses 
touch, the fluid will be spread out in a thin layer upon the first cover- 
glass. It is important to remember that if the inclined cover-glass 
is moved in such a way as to push the fluid before it, the cellular 
elements are very liable to be injured by crushing. For this reason 
it is advisable always to move the inclined cover-glass away from the 
drop, so that it may draw the liquid after it. Kiihne's cover-glass 
forceps will be found very convenient for this sort of work. 

Cover-glftss preparations should be fixed wet, and this applies to 
all subsequent stages of their technique. Dry-fixing is useful in the 
case of blood preparations only (see later, under Examination of Blood). 
In all other cases it is essential that the specimens should not be 
allowed to become dry, either before or after fixing, as the condition 
of preservation of the Protozoa is much impaired by drying. Speci- 
mens are wet-fixed as follows: The material to be examined is spread 
upon a cover-glass as thinly and evenly as possible, and the cover-glass 
is then placed, with the material downwards, in a watch-glass which 
has previously been filled with fixing mixture. There is sufficient 
albumen in blood and lymph, and, nearly always, in bowel contents 
and fceces, to coagulate under the influence of the fixing mixture 
(especially if the latter has been previously heated) and cause the 
material to adhere to the surface of the cover-glEiss. Should the 
medium in which the Protozoa are to be examined prove incoagulable, 
it will be impossible to prepare cover-glass specimens from it. Such 
a condition of things is, however, rare, and may be said to apply only 
to urine containing Flagellates. The process of fixing, like all other 
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details of preparation, sboald becairied out either in a test-tube, by the 
method described in the chapter upon Examination of the Blood, or 
under the cover-fflasB, the superfluous liquid being drawn off by means 
of filter paper from one edge, -while fresh liquid is allowed to flow in 
at the other. 

The cover-glass preparations when fixed are subjected to the same 
finishing processes (rinsing, hardening in alcohol, staining, transference 
to xylol and Canada balsam) as other specimens. The simplest and 
best method of storing them is in 70 to 80 per cent, alcohol in 
well-corked glass tubes, the inner diameter of which is slightly larger 
than that of the cover-glasses. The specimens are placed back to 
back in pairs and are kept from moving by means of a cotton-wool 
pad. If long tubes are used, several pairs may be arranged above 
one another. They should be separated by cotton-wool pads, and, 
for the sake of convenience, should be placed at right angles to one 
another. 

The preparation of sections is essential, not only to a right under- 
standing of the relationship of the parasite to the tissues of its host, 
but also to a proper appreciation of details of structure and develop- 
ment, many of which are not seen in the intact Frotozoon, or- only 
to a very imperfect extent, for the method of their preparation 
reference must be made to the various text-books of medical 
microscopy. There is one item of the technique, however, for which 
I propose to give detailed instructions, that, namely, of embedding, for 
the purpose of cutting single minute Protozoa into sections. 

As a general rule, the Protozoa will be present in some numbers, 
and in that case it will rarely be necessary to arrange them in a given 
fashion before embedding. After fixing, the animalcules should be 
transferred to a small glass tube, where the various stages of the process 
should be carried out, including the spirit grades and the treatment 
with cedar wood oil (xylol or some other intermediary) to the final 
embedding in paraffin. It is better to centrifugalize each time before 
changing the liquid. Unless this is done, as, for instance, in the 
absence of a, proper centrifuge, it will be necessary to wait until the 
micro-organisms have fallen to the bottom of the tube, and then 
carefully pour oS the liquid, a glass rod being used to decant. As soon 
as the objects ate soaked throngh with paraffin, the paraffin is rapidly 
cooled by plunging the glass tube into cold water. The tube may 
now be shattered, leaving a solid block densely packed with Protozoa 
which is ready for cutting. 

Where a centrifuge is not available it is more convenient to follow 
an older method, recommended by Schaudinn. An arrangement similar 
to the micro-aquarium for the cultivation of AtnoebEe, described on p. 15, 
is used, but with this difference. The cut in the glass slide should 
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W triangutar in shape, and the two cover-glasseB. sboald be cemenfed 
to tbe slide with fi&h-glue. The specimeiiB for embedding ehonld be 
ptepafed in a watch-glaes aa far as tbe xylol stage, and tben conveyed 
tiy means of a pipette into the micro-aqaariam. Tbe latter should be 
maintained id an upright position, and the organisms will be found 
to collect in the apex of the triangle. The xylol is now replticed by 
paraffin, and as soon as the objects have become saturated the glass 
slide is put into cold water. This hardens the paraffin and, at the 
same time, dissolves the fish-glue which keeps the cover-glasses in place, 
leaving free the triangular block of paraffin with the Protozoa clustering 
at its apex. 

Schaudinn's method should be employed whenever it is desired to 
arrange single Protozoa (Infusoria, Gregarines) in such 'a way that 
a series of sections may be cut from them. But in order to do this, 
a material must be added to tbe xylol which will keep tbe single 
Protozoa in place and allow of their being controlled by the micro- 
scope. For this purpose, Schaudinn recommends the woolly palea of 
the young fronds and stems of the Java tree-fern, Cihotium cummingii, 
which is sold by druggists under the name of Penghawar-Djambie. 
It is an extremely fine-fibred felty substance, which may be easily cut 
when embedded in paraffin. After it is put into the micro-acguarium, 
a small groove is made in it with a blunt wooden point, and into this 
groove the object to be embedded is introduced,' 

The best methods of staining are by the ordinary hesmatoxylio, 
Heidenhain's iron-htematoxylin, the Bomanowsky stain, and the 
colouring of the living organism with neutral red. 

Hiematoxyliu is the most valuable agent for staining the nuclei of 
Protozoa. The best form is undoubtedly Mayer's beemalum, although 
the older alum-hsmatoxylin preparations may be used, the most con- 
venient being Delafield's formula. The stain should be well diluted 
with distilled water or 1 per cent, alum solution, and cover-slip pre- 
parations and sections should be allowed to remain in soak for several 
hours ; they may even be put in over night. They should be washed 
in running water and then examined under the microscope. If suffi- 
ciently stained, the specimens are then rinsed successively in 50 per 
cent., 70 per cent., 90 per cent., absolute alcohol in xylol, and after- 
wards mounted in Canada balsam, or in cedar wood oil which has been 
thickened to the consistency commonly used with an oil immersion 
lens. Canada balsam should be dissolved in xylol, and, when working 
with heematoxylin, it is expedient to use only those preparations 

' In their " Onindztige der microBoopischen Technik," 8rd Ed., p. 91, Lee and 
Mayer give a number of methods for plftoing small olijeotB when embedding in 
paraffin. These are, however, somewhat more complicated than the method 
described above. 



Digitized b/Google 



12 PRACTICAL PABASITOLOGY 

which are acid-free. (Czriibler and Co., Leipzig, supply a Ganaida 
balsam which is qnite acid-free.) 

Should the specimens be too deeply stained, the superfiuoaB colour 
may be removed by treating tbem with alcoholic solution of hydro- 
chloric acid (a few drops hydrochloric acid to 100 ccm. 70 per cent. 
alcohol). The process of decolorization should be watched under the 
microscope, and it should be allowed to proceed a little farther than 
at first appears necessary, as the colour deepens again when the 
specimens are blued in alkali. As soon as the desired shade is 
obtained, the decolorized specimens are plunged into ammouiated 
alcohol (1 drop of ammonia to 100 ccm. 70 per cent, alcohol), when 
the colour will turn blue. They should afterwards he rinsed in clean 
70 per cent, alcohol. 

After the nuclei have been stained in hsematoxylin, it may be 
found expedient to counter-stain the surrounding plasma in eosin or 
erythrosin. In this case, the specimens should be soaked, either in 
a concentrated watery solution of eosin before they are transferred to 
alcohol, or in a weak alcoholic solution of eosin after they are taken 
out of alcohol. 

Of other stains, safrauin is useful for staining objects which have 
been fixed by mixtures containing osmic acid. Borax-carmine and 
alum-carmine are frequently valuable, as, for instance, in establishing 
the presence of chromides. When using borax-carmine, the specimens 
should be decolorized with alcoholic solution of hydrochloric acid and 
afterwards rinsed in pure alcohQl to free them from acid. Specimens 
stained with alum-carmine should be rinsed in distilled water. 

Iron-hsematoxylin (Heidenhain) : Two and a half per cent, watery 
solution of iron-alum (ferrous ammonium sulphate) as a mordant and 
for purposes of differentiation ; and a ^ to 1 per cent, watery solution 
of hematoxylin (which should, if possible, be at least four weeks old) 
for purposes of staining. Cover-glass preparations and sections (the 
latter should not exceed 6 /« in thickness) should be laid in the 
mordant for four to twelve hours, or they may be pat in over night. 
After careful rinsing in distilled water they are allowed to remain in 
the colour solution for six to twenty-four, or even, under certain con- 
ditions, thirty-six hours. They are then again rinsed in water and 
decolorized in the mordant, the precise degree of differentiation being 
carefully controlled by the microscope, which should be furnished 
with a strong dry lens. The specimens must once more be carefully 
rinsed, this time in running water for half an hour, and, after passing 
through the alcohol stages, they are transferred to xylol and, last stage 
of all, to Canada balsam or cedfir wood oil. 

The degree of differentiation will depend largely upon the purpose 
in view. As a general rule, however, the process should be continued 
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until the protoplasm is a pale grey in colour, to which the chromatic 
portions of the nucleus, stained a deep blue-black, o£fer a striking 
contrast. Very frequently, however (as in the Coccidia of rabbits), 
it is difBcult to distinguish between the granulations of the plasm 
and the chromatic elements. In sncb cases it is advisable, after 
strong differentiation, to re-stain in a weak aqueous solution of 
Bordeanx red. 

For details of the iron-heematoxylin method, as modified for the 
purpose of examining Trypanosomes, see chapter on Examination 
of the Blood. 

The so-called Bomanowsky or Qiemsa stain is particularly prized 
for its brilliant colour-tints, but good results are only obtainable 
where the preparations are allowed to dry after staining. Pot this 
reason it is useful only in examining blood, and will be discussed 
later under that special heading. 

Schaudinn states, however, that he has succeeded in using 
Komanowsky's stain for wet preparations. The specimens were 
strongly over-coloured, and the subsequent alcohol treatment, which 
was performed as rapidly as possible, sufficed to extract precisely the 
right amount of dye. I must admit that, personally, I have never 
been very successful with this method. No degree of over-colouring, 
however intense, would withstand the alcohol treatment necessary 
to dehydration, and the beautiful Bomanowsky colouring of the 
nuclei was always destroyed. 

Very varied effects are obtained by staining paraffin sections by 
Mallory's method. They are first immersed in a ^ per cent, solution 
of acid fuchsin ; then in 1 per cent, phosphormolybdic acid ; and, 
finally, for five minutes in a solution consisting of aniline blue, 0'5 
per cent., orange-green, 2 per cent., oxalic acid, 2 per cent., in 
distilled water. They are then rapidly washed in water, rinsed in 
96 per cent, alcohol, and are transferred as soon as possible to absolute 
alcohol and xylol. By this method Vorticelli are coloured as follows : 
plasma, hght orange ; macronucleus, yellow ; contractile vacuoles, 
brown ; vacuoles of nutrition, blue ; myonemes, bluish ; muscle of 
stalk, dark blue ; sheath of stalk, light bine ; pellicle and cilia, orange ; 
surface of the body, grey-blue. Myxosporides are coloured as follows: 
shells, orange ; spore-plasma and nematocysts, violet ; nucleus, red 
(O. Schroder). The difTerentiation is, however, somewhat capricious, 
and tbe method for this reason not to be unreservedly recommended. 

The colouring of the living organism with neutral red is a nsefnl 
method when studying certain more delicate structural arrangements, 
Buch as the organelles of metabolism. The stain must be very much 
dilated— a solution of 1 in 10,000 to 1 in 100,000 will be found active. 
If the Frotozoon stains a bright red, acid is present ; if the colour 
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19 yellowish^t points to the preseoce of alkali. Neutral red may also 
be employed to distinguish between parasitic Amoebse and leucocytes.* 



Class I. Shizopoda. 

Order : Amcebina. 

Among the Bhizopods the only true parasites belong to the order 
Amoebina. It would be a serious oversight, however, to confine our 
investigations solely to the parasitic members of the group. Many 
body-cells — and this applies especially to the leucocytes — are capable 
of what is known as "amoeboid" movement. Their possession of 
this power which, as its name shows, is to be regarded as a dis- 
tinguishing characteristic of true AmoebEe, renders it necessary that 
the student should make himself acquainted with the salient features 
of the order, as exemplified in the free-living varieties. Only in this 
way can the knowledge be acquired which will enable him later to 
distinguish between the true parasites and body-cells which have the 
power of amceboid movement. 

(a) Free-living Amcebis. 

Conditions under which Amceba may be Found. — If fresh hay or 
straw is put into a glass receptacle, covered with water, and allowed 
to stand for a time, numerous Protozoa will develop in the liqnid. 
Among these, the first to attract attention will be the large and very 
active Infusoria, but Amoebse, though frequently only the smaller 
forms, will also usually he found. The scum which appears upon 
the surface of the water, at first as a metallic film hut later becoming 
thick and felty, should be first of ail examined. Similar films are 
seen upon stagnant waters in the open air, and here Amoebse are 
always to be found. They are also frequently present on the surfaces 
of the larger water-plants, as, for instance, the submerged portions 
of the leaves of Stratiotes aioides, or the undersides of the leaves of 
water-lilies. The larger varieties should be looked for in the vegetable 
slime of stagnant ponds. Amoebse also occur in mossy tufts and in 
earth containing much humus (garden soil) ; there is, indeed, one 
variety which is known as the Amceba terricola. These organisms will 
appear if water is poured over the material before examination. 

Cultivation of Amaba. — For anything in the nature of a minute 
study of the Amoebse, it is of the first importance that the organisms 

' Cf. S. Prowazek, " Vitalfarbung mit Neutralrot bei Protozoen," Zeittehr.f. wiw. 
2ool., voL Ixui, 1896, pp, 1B7-194, and " ZellUtigkeit n. Vitalfacbang," Zool. Ant., 
vol. xnv, 1901, pp. 4.55-460. 
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3honld be kept alive as long as possible. In many cws, further 
caltivatioD in smaH standing aquaria is all that is necesBary. But 
Bometimes it will be found expedient to isolate one or more individuals 
of a species in such a way that they may be kept constantly nnder 
observation. For this purpose, Schaudinn'a micro-aquarium,' the 
construction of which is quite a simple matter, is very coDvenient. 

A rectangular piece is cut with an emery-wheel out of one of 
the long sides of an ordinary glass slide. The excision should measure 
about 15 mm. by 10 to 14 mm. Over it should be cemented two 
cover-glasses sufficiently large to cover the opening completely ; the 
size 21 by 26 mm., usually employed for mounting sections in series, 
will serve the purpose. The best cement is boiling Canada balsam, 
such as miner^ogists use for mounting transparent sections. As a 
protective measure, narrow glass strips are cemented on to both 
surfaces of the slide, close to the two short edges. Water and animal- 
cules should be introduced by means of a pipette, and the little 
aquarium may be placed horizontally as, owing to its capillarity, the 
water will not escape. A twig or two of green seaweed should be 
put in to keep the water fresh, or, with the micro-aquarium in a 
vertical position, fresh water may be added by means of a woollen 
thread from a vessel of water placed at a higher level. By Varying 
the thickness of the glass slide and the size of the excision, the cubic 
contents of the aquarium can be regulated to suit the requirements 
of the particular organisms under observation. The micro-aquarium 
should be kept and studied in a damp chamber. 

The study of Amaebie is greatly facilitated by the fact that they 
are cultivable upon solid nutrient media. Pure cultures, in a 
bacteriological sense, are, it is true, impossible ; but Amoebte and 
bacteria may be cultivated together, the latter serving as food for the 
former. For this purpose any solid medium may be used, provided 
that it permits the bacteria a bare existence only, and does not offev 
conditions so favourable that they are able to overwhelm the Amceba;. 
Many different media have been used with success, but a formula 
given by Frosch' deserves particular mention : — 

Agar-agar ... ... ... ... ... O'S grm. 

Ordinary aJkalme bouillon lOO „ 

Tap water 90-0 „ 

Bouillon may be prepared by macerating freshly minced meat in 

' F. Scbaudlan, " Ein Microaquariutn, welches &uch znr Porafflneinbettung 
kleiner Objekte benutzt werden kann," Zeitachr. f. wits. Microacopte, vol. xi, 
1894, pp. 826-829, with one illustration. 

' P. Frosch, "Zur Frage der Reinziichlung der \aiii\)an," Ztntralbl. f. Bakt., 
part 1, vol iii, 1897, pp. 926-932. 
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water for several hours (it may be left in all night) at a gentle heat, 
and then repeatedly sterilizing the resalting liquor. 

Another very useful medium is prepared from carragheen. This 
medium is particularly useful in laboratories which are not provided 
with the sterilizing appliances necessary to bacteriological work. Its 
value is increased by the fact that, where the material employed is 
unaltered excreta, it is possible successfully to cultivate Amoebte upoa 
preparations of carragheen which have not been subjected to rigoroas 
sterilization. Five to six grains of dried carragheen is washed in 
1 per cent, soda solution and then boiled for half an hour in 100 ccm. 
tap water.^ The medium should be filtered through a clean cloth and 
when cold it will be ready for use. Colonies of mould-fungi or foteign 
bacteria should immediately be destroyed with a hot platinum needle. 

It must be home in mind, however, that not all AmoebEe can be 
cultivated upon solid media, and that the varieties which are parasitic 
in mammals have never been successfully grown outside the tissues 
of their host I have, however, succeeded in cultivating on Frosch's 
agar medium, not Amoebte only, but also Flagellates, obtained froia 
the scum on hay or earth infusions. 

Amoebse are best cultivated in Petri's glasses. If the organisms are 
present in large numbers in the inoculation mass, they may be seen 
a few hours after inoculation following the bacteria and spreading 
out round the point of inoculation. They will be found, not only 
upon the surface, but within the substance of the medium, which, to 
facilitate observation under the microscope, should cover the bottom 
of the Petri glass in a very thin layer. In the course of the next 
few days the Amcebse will increase in numbers and alter their 
distribution; cysts will form, also in largely increasing numbers. 
The cultures vrill remain active over a period varying from several 
weeks to several months. 

There is yet another way of studying the living Amceba. A drop 
of the fluid which contains the organisms is placed upon a cover-glass, 
which is then turned, face downwards, upon a glass slide. The 
preparation should be allowed to stand for about ten minutes in order 
that the Amcebte, which have contracted into balls on being disturbed, 
may again throw out processes. The movements may now be observed, 
and these will be found to vary considerably in different species. The 
A. Umax, frequently found in infusions of straw, assumes a ribbon-like 
form as it flows forward; other AmoebEe, as for instance A. proteus, 



' Cf. M. Schubert, " Ueber die Ziichtung der AmOben auE featen Nahrbdden," 
Hygien. Bundsckau, 1897, No. 2 ; also B. Vahlkainpf, " Beitrftge zur Biologie und 
EntwickelungBgeschichte von Amasba Umax einscbliesslich der ZUchtung anf 
kttnstlichen Nahrboden," ArcJt. f. Protietenkunde, vol. v, 190S, pp. 167-230. 
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fonn more or less numerous finger-shaped pseudopodia ; others again, 
especially^, vermcosa, adopt a more or less diBtinct rolling movement.' 
The movements of AmcebeB are influenced, moreover, by the medium 
in which the organisms are examined. On a colloid nutrient medium, 
for instance, they are slower than in water. The separation of the 
endo- from the ectosarc should be carefully noted, and the behaviour 
of both plsrsma during movement, as well as the regular action of the 
contractile vacuole, should be observed. Under favourable conditions 
it is sometimes possible to watch the ingestion of food particles by the 
process of "enfolding" and " drawing-in," as also the rejection of 
undigested food remnants. The nucleus, however, can as a general 
rule be studied in fixed and coloured specimens only. 

The process of preserving Amcebaa can generally be carried out on 
the cover-glass. This is rarely possible, however, in the case of the 
soil Amoebffi, the superficial layer being here, as in the Infusoria, 
thickened into a close pellicle which prevents the organism adhering 
to the cover-glass. In the case of other species, a portion of the 
material containing the organisms {scum from straw or hay infusions 
should be triturated) should be transferred to a cover-glass, which is 
placed for ten minutes in a damp chamber. The cover-glass is then 
dropped, material downwards, into a small vessel containing hot 
alcoholic solution of sublimate. The cover-glass may now be rinsed, 
when it will be found that all extraneous matter and foreign organisms 
are washed away, while the Amcebs remain upon the surface of the 
glass. This is explained by the fact that, daring progression, Amoebse 
secrete a sticky substance, which causes those individuals who have 
changed their position upon the sur^e of the glass, to adhere to it- 
Cover-glass preparations may similarly be made from Amcebte culti- 
vated upon solid media, by laying a cover-glass upon the surface of 
the medium, pressing it well down, and leaving it for several minutes. 
Preparations coloured with dilated bcematoxyhn, horax- or alum- 
carmine, or iron-hffimatoxylin, show with singular clearness the 
structure of the nncleus. In appearance it resembles a bubble, and 
it invariably contains a caryosome, which stains a darker colour than 
its surroundings. In many species, A. Umax for instance, this 
caryosome is so large that a superficial observer might easily mistake 
it for the nucleus itself. 

The study of the nucleus and the cysts, however, demands the 
preparation of sections. These are best prepared from agar cultures, 

■ A detailed description of the movementB of different Anushre is given in 
H. S. Jennings' " Contribntion to the Study of the Behaviour of Lower Organisms," 
Washington, 1904 ; also L. Rhtunbler, " Znr Tbeorie der Oberfl&chenkr&fte der 
Amfiben," ZeiUchr.f. msi. Zool., vol. Ixxiiii, 1905, pp. 1-53. 
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a small portion of the medium Gontainin^ the orgaaiams being cat ont, 
fixed whole, &nd finished in the asaal manner. 

(b) Parasitic AmosbtB. 

Among the Amoebae parasitic in man, two varieties are entirely 
innocuous. They are of wide distribution and, where there is access 
to hospital material, readily obtainable. 

(1) Entamceba buccalis, Prow., is found in the mouth, in the 
deposit upon the teeth under the gums, and especially in carious 
teetb. It occurs in most human beings, though generally in small 
□umbers only. It is distinguished from the leucocytes by its larger 
size (6 to 32 /j.), its higher refractive index, and the nature of its move- 
ments. The latter are performed by means of broad pseudopodia 
which are pushed out like a hernial sac. The living M. buccalis, 
moreover, when stained with neutral red, takes on a deeper colour 
than the leucocytes. There is marked diEFerentiation between the 
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Fia. 1. — Bnlamaba bucealii. a — d. The s&mo indiTidusJ in four sCagsB of movement, 
during an observation period of five minutes (mftguified about 1,000 : 1) ; «, a fixed 
epeoimen coloured with iron-hiematozylin (magnified about 1,500 : I). (From Braun, 
after Lajdea and Loweothal.) 

hyaline ectoplasm and the nucleated endoplasm, the latter frequently 
containing numerous food boluses (fragments of leucocytes, bacteria, 
ice). In the living organism, the nucleus, with its thick nuclear 
membrane and distinct caryosome, is frequently obscured by these 
food boluses. It is seldom possible to watch the process of repro- 
duction (by simple fission), and the stages preparatory to encysting 
are even more difficult of observation. 

E. coli (Losch), Schaud., is found in most healthy people in the 
first part of the large intestine. Its numbers vary in individuals 
and localities, and it is apparently more numerous in the country 
than in the town. Its presence is demonstrated by the occurrence of* 
characteristic round, eight-nucleated cysts in the fieces. Puring diar- 
rhoea, which may be artificially induced, resting-cells and young cysts 
are passed. The movements of this Amoeba can only be studied by 
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using a warm table. E. colt is distingnished from E. buccalis and the 
dysentery Amuabsa by its lower refractive index, and especially by the 
fact that, when motionless, there is no definite separation of the ecto,- 
from the endoplasm. This differentiation is observed during move- 
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Fio. 2. — Dlogtftm of deTelapment&l ojole of E. coli (LoBOh), Scbaud. (kfter Uari- 
maitn, slightlf modified), I, Young Amcebs. 3, Adult AmiBba. 2a, ReproduolioD by 
flBBioa. 3, Multiple unclear division ; the obFomatin has tiecome aggrogated into eight 
groups at the surface of the nuolear membrane, i. Completed nuclear divieiOQ. 5, The 
Amceba has split up into eight daughter-individuals, 6, Conunencement of cyBt-fonnatiou, 
7. First division of nucleus. 8, CoDsequeut inoom^lete cell-division and formation of 
obromides. 9, Formation bj the chromides of two pairing nuclei. JO, Formation of two 
raduoed nuclei by each pairing nucleus. 11, Division of each of the reduced nuclei into 
a free (male) nucleus and a stationary (female) nucleus. IS, By the merging of one free 
and one stationary nucleus, tvro new nuclei are formed, 13, Adult cyst, containing eigbt 
daughter-nuclei, ihe result of repeated division of the new nncleuE. M, Adult cyst, after 
entrance into the intestine of a (resh host, discharging the eight sporogenously produced 



meat, however, the pseudopodia proceeding entirely from the hyaline 
ectoplasm. This phenomenon is of nee in distinguishing between 
E. coli and the leucocytes, the latter being devoid of ectoplasm. 
The nucleus can generally be seen in the living organism. It is round 
in shape, contains mnch chromatin, and is furnished with a thick 
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membiEDe and large caryosome. Isolated developmental stages may 
be observed, but it is impossible to follow the entire process, which 
is very complicated, without long and tedious study. The life-history 
of this organism is shown in fig. 2. It multiplies by simple fission 
and by schizogony. The splitting up of the nucleus during schizogony 
is very characteristic. The chromatin collects in eight portions upon 
the surface of the nucleus, and from these simultaneously proceed, the 
eight daughter-nuclei of the eight new organisms (fig. 2, 3 — 5). As 
the fteces tend to become solid, in addition to dead Amoebee, yoong 
cysts will be found. These originate in a casing of mucous matter 
which forms round the ball-shaped Amoeba and which is followed at 
a much later stage by the true hard cyst. Changes of the nucleus. 
leading to self-propagation (autogamy), may be observed in the yoong 
mucous cysts (figs. 2, 6" — 13), while in the older hard cysts the succes- 
sive stages of nuclear multiplication, which result in the formation 
of the eight daughter-cysts, may be seen (fig. 2, 12 — 13). Gats as 
well as man may be infected with the mature encysted Amcebce, 
which, when they reach the commencement of the large bowel in the 
fresh host, burst ajid allow the young parasites to escape (fig. 2, 14). 

The intestinal AmoebEe of animals should he studied and their 
structure and development compared with those of the varieties found 
in man. The E. muris (Grassi) is found in small numbers at the 
commencement of the large bowel in about 50 per cent, of mice. 
It is closely related to the E. coli and forms eight-nucleated cysts. 
In the resting-etate, however, the Amobse reproduce themselves, not 
by multiple division of the nucleus and plasm, but by simple fission. 
Like the intestinal Amoebae of man, they are not cultivable iu artificial 
media. The cysts of another variety of Amoeba, however, are found 
in the fsBces of mice, and these are readily cultivable by smearing 
a small portion of the feeces upon the agar medium described above. 
This organism is not parasitic ; its cysts pass unchanged out of the 
bowel of the mouse, similarly to Chlamydophrys eiichelys (Ehrbg.), 
as described by Schaudinn.' 

In the terminal portion of the intestinal canal of frogs, an 
Infusorian, E. ranarum (Grassi), is found, generally in small numbers, 
which resembles the E. coH. 

In the terminal portion of the intestinal canal of lizards (where, 
later, we shall find Flagellates) two varieties of Amoeba, which have 
no relatiouship to the parasitic Amoebs of man, are found. They are 
readily cultivated upon the agar medium, and will repay the trouble 
of observation. The one species, which is distinguished by its double 

' Cf. C. M. Weuyou, " Observatiions on tbe Protozoa in the Intestine of Mioe," 
Arch. f. ProtUfenhunde, snpp. i, 1907, pp. 169-201. 
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nticleuB, is known as Amceba diploidea ;' while the second variety 
has one nucleus only, and is apparently related to A. Umax} 

A good deal of information may be gained from the study of 
A. blattiB, which is found in the terminal portion of the intestinal canal 
of cockroaches. This organism belongs to yet another group of 
Amoebfe and is particularly instructive on account of the very distinct 
" streaming " movements of the plasm. It should be sought in freshly 
caught beetles only, as after the beetle has been in captivity for two 
or three days the organisms disappear from the intestine. The head 
and hinder part of the body should be cut ofE, and the intestine may 
then be withdrawn with the tweezers from the hinder orifice. 

Material for the examination of the dysentery Amoebse of man is 
sometimes di^cult to procure. The species most frequently met with 
is E, tetragena which is frequently found in people returning from 
hot climates. 

(1) E. tetragena has only quite recently been isolated from 
E. histolytica. It is found in Africa and South America, and is 
recognized by the fourfold nucleation of its cysts. In its method 
of development it closely resembles the E. eoli, but differs from it 
not only in the fourfold nucleation of the adult cysts, but also in 
possessing during the resting stage a homogeneous and highly refrac- 
tive ectoplasm. In this latter property it resembles E. buccalis and 
E. histolytica. The ectoplasm is easily distinguished from the endo- 
plasm, which has generally a lower refractive index and contains 
nuclei, vacuoles, food remnants, &c. The nucleus is very charac- 
teristic and quite different from that of the other bowel Amoebfe of 
man. Like the nucleus of E. coli, it is round in shape, contains 
a somewhat large amount of chromatin, and has a central caryosome, 
which may be large or small. When carefully stained, this caryosome 
shows a central spot which Hartmann^ compares to the centriole in 
the centrosome of Metazoa. " Sometimes this centriole occupies the 
whole of the centre of the nucleus. In that case it is surrounded by 
a clear space, while the original margin of the caryosome persists 
as a sort of membrane." Heproduction during tbe inactive stage has 
been observed only in tbe form of fission. This species, which is not 
seen in man except in cases of dysentery, may be transferred to the 
cat, where it approximates very closely to E. histolytica. 

' M. Hartrnann and K. NSgler, "Copulation bei Amceba diploidea n. ap. mit 
SelbBtandigbleiben der Gametenkenie wiihrend dea gaazea Lebeugcyclus," Sitiber. 
Oet. ftaturf. Frde.. Berlin, 1908, No. 5, pp. 112-126. 

' M. Hartmaim and S. Piowazek, " Blepharoblast, Caxjoaom u. Centrosoni." 
Arch. f. FrotUtenkwnde, vol. x, 1907, pp. 814-815, fig. 4 t. 

* M. Hartmann, " Eine neue Dj'senterieainobe, Enlammba tetragena (Viereck), 
syn, Eniamasba africana (Hartmann)," BeiheFbe z. Arch. f. Schiffs- u. Tropenhyg., 
1908, Beih. 5 (Verhandlg. d. deutsch. tropemoed. Oea. I.), pp. 117-127, fig. 9. 
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(2) E. histolytica, the dysentery Amceba of m&n, occms in Egypt 
and Southern and Eastern Asia. It resembles the E. tetragena 
in having a well-developed ectoplasm, bat it is to be distingnished 
from it and from the other Amoebse which are found in the intestine 
of man by the structure of the nucleus in the resting stages. The 
nucleus of E. histolytica has no surronnding membrane and contains 
very little chromatin ; for this reason it is rarely seen in the liviog 
organism. It contains, however, a small caryosome, and in this 
conforms to the general structural scheme of the amceboid nucleus. 
E, histolytica differs from all other parasitic Amoebae in the nature 
of its permanent stages. Usually the entire amoeboid organism 
encysts and the shell is readily discoverable among the feeces. In the 
case of the E. histolytica, however, the cyst is a minute structure 
sloughed from the surface of the organsim, and is extremely difficult 
of detection. 

It is evident from the foregoing how important is the part played 
Dy nuclear structure in distiDguisbing the different species of Amoebae, 
not only from one another, hut, what is of even greater importance to 
the parasitologist, from body-cells such as the leucocytes (fig. 1, e). 
The student should seek every opportunity of making himself acquainted 
with the structural details of the AmcehEe, and for this purpose the 
varieties which are indigenous and easily obtainable, furnish excellenb 
material. 

Glass II. NaospoFidia. 
Although many of the parasitic Protozoa closely resemble certain 
free-living forms, there are, nevertheless, a large number of varieties 
which possess no such resemblance. These are usually classed in a 
special group as Sporozoa. But with a greater knowledge of the 
subject, it has become increasingly doubtful whether these so-called 
" Sporozoa" are possessed of any attribute in common other than 
their adaptation to parasitism. In all other directions, they differ 
from one another so markedly that it has been found necessary to 
divide them into at least two groups. Of these, one, the Telo- 
sporides, appears to possess a certain distant resemblance to the 
Flagellates. The other group, named by Schaudinn Neosporides, 
includes the Microsporides, Myxosporides and Actinomyxidea. It 
approximates more closely to the Amoebina, certain varieties being 
capable of amoeboid movement. The Neosporides are distinguisbed 
by the formation of special reproductive cells (cnidospores), which 
always possess a hard bi- or tri-valved shell, several (at least four) 
nuclei, and one to four polar nematocysts. These consist of a 
vesicular wall or capsule surrounding a cavity filled with fluid, contain- 
ing a long and usually spirally coiled thread continuous with the wall 
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of the vesicle (fig. 3). This thread is shot out with great velocity, 
either spontaneously or under the influence of certain stimuli. Of the 
several nuclei of the cnidospore, a certain number (generally two) go 
to the formation of the soft bodies (amoeboid substance of sporoplasm) 
which escape when the shell opens ; others (cnidoblast nuclei) play a 
r6le in the formation of the nematocysts; while others again (shell 
nuclei) form the sheUs. On account of their possession of the 
characteristic nematocyst or " cnidoblast," the Microsporides, Myxo- 
porides and Actinomyxides are usually classed together under the 
name of Cnidosporides. The Sarcosporides are usually included in 
this group, in spite of the fact that they possess neither shell nor 
cnidoblast and have one nucleus only. 

" Many different methods of inducing the cnidospore to discbarge 
the nematocyst have been recommended, but of these none is invariably 
successful. The best method is to examine the organism in the fresh 
gastric or intestinal secretion of its host. In some cases, the addition 
of iodine (solution, tincture, or iodine in iodide of potassium) is 
attended by good results ; while with other species distilled water, 
boiling water, potassium solution, ammonia, strong mineral acids (nitric, 
sulphuric), ether, and other chemical reagents will achieve the desired 
effect. Id a few cases, mechanical pressure is a sufdcient stimulus. 
Practical experiment is, however, the only means of determining 
which of these measures will react upon the particular species under 
observatioD. 

Order 1, Microsporidia. 

The Mictosporides are recognized by the peculiar structure of their 
cnidospores, which are extremely small, either pear-shaped, oval, 
or oblong in form, and appear always to contain four nuclei. They 
are furnished with never more than one large nematocyst, which, 
as a general rule, can be seen only after treatment with reagents. 
The Microsporides are very numerous and are found in the Arthropods 
(crustaceans, arachnoids, insects), in flsh and in the tortoises. They 
are said to occur in man, but the assertion lacks proof. Certain 
species inhabit the hollow organs of their host, others are cell or 
tissue parasites. 

From a practical point of view, the most important of the Micro- 
sporides is undoubtedly Nosema bombyds, Nseg., the originator of 
the " Pebrine " of silkworms. It is peculiarly dea4ly to the silkworm, 
and penetrates into every organ of its host. Its small size, however, 
renders it extremely difficult of detection. When treated with con- 
centrated nitric acid the entire organism swells and the nematocyst 
becomes visible ; some varieties will even project their thread. Under 
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natural coDditions, this occurs as a reenlt of the chemical action of the 
intestinal secretion of the caterpillar, and immediately afterwards the 
naked amceboid germ emerges from the cnidospore and buries itself 
in the epithelial cells of the intestinal canal. The parasite now 
multiplies rapidly by repeated binary fission. The process of separa- 
tion, however, is frequently incomplete, and the daughter-individuals 
thus form themselves into long chains resembling a rosary, at right 
angles to the free surface of the affected epithelial cell. The infection 
spreads with great rapidity from the intestine to all the other organs 
of the host, and, eight days after the ingestion of infected material, the 
entire body of the caterpillar swarms with parasites. Wherever, as 
the result of this rapid increase, there is an insufficiency of nutriment 
or of space, the individual parasites form cysts and become converted 
into cnidospores. These may be found in the intestinal tract as early 
as three days after infection. Not only is infection conveyed directly, 
by means of feeces containing parasites, but it may be congenital, the 
eggs of the mother having become tainted. The organism is trans- 
missible to other varieties of caterpillar, as, for instance, Arctia caja.^ 
Many caterpillars, both exotic and native, support parasites apparently 
similar to Nosema bombycis, but of which little is known. If affected 
caterpillars are obtainable, cover-glass preparations and, more im- 
portant still, thin sections should be made from them. The latter 
should not exceed 2 ^ in thickness and should be prepared from organs, 
preferably the intestine. They should be fixed in alcoholic solution 
of mercuric chloride. 

The common cockroach, Feriplaneta orientalis, harbours a parasite 
which is well worth studying. It is a Microsporide known as Pleisto- 
phora periplanettB (Lutz and Splendore),^ and is found in the Mal- 
pigbian vessels of its host. The intestine should be removed in the 
manner already described, and the long, fine Malpighian vessels, which 
enter the intestine at the junction of the middle with the terminal 
portion of the intestinal tract, should be carefully separated and freed 
from fat. For examination they should be cut in small pieces and 
put into saline solution. The parasites show amceboid movement; 
their diameter varies from 0002 to 0055 mm., and the number 
of their nuclei from one to sixty or more. Where infection is very 
severe the cells of the Malpighian vessels become pathologically 
changed (less granulated than the normal), although the parasites 

' Stempell, " Die Pebrme-Erankheit der Seideotanpe," Sitzber. d. med. naturwiaa, 
QesellBch. Munater l W., 1907. Meeting of June 25, 1907. 

' W. S. Penin, " Obaerratiens on the Structure and Life-hiatorj of Fleitto- 
phora periplanette, Lutz and Splendore," Qtiarterlt) Journal of Microtcopictd 
Science, voL ilix, 1906, pp. 616-688. 
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occupy tbe lumen of the vessel only, aud never take up an intracellnlar 
position. The degree of infection is augmented by the multiplication 
of the parasites by means of fission or budding. Infection is conveyed 
to fresh hosts by tbe formation of cnidospores. Bounded parasites, 
the so-called " sporonts," are found in the terminal portion of the gut 
as well as in the Malpigbian vessels. Tbey contain numerous cnido- 
spores, with remains of old protoplasm attached. Single spores are 
found in the fieces. 

Wben cut into small portions the Malpigbian vessels may be 
prepared as cover-glass specimens. Tbey should be fixed in atcobolic 
solution of mercuric chloride and stained witb iroD-btemato:cylin. 
It will be found quite easy to follow the process by which a single 
homogeneous nucleus divides twice and produces a fourfold nucleation. 
Tbe material may also be dried on cover-glasses and stained by 
Bomanowsky's method ; here the results are more brilliant but less 
natural. To localize tbe centre of infection, fix the Malpigbian vessels 
whole, embed, and cut into sections. 

The method of multiplication of P. periplanetw, both by fission 
and by means of spores, constitutes a true alternation of generation. 
The phenomenon is observed in other Microsporides, as, for instance, 
in Thehhania miilUri (L. Pfr.}, found in tbe muscular structure of 
Gammarus pulex, and T. legeri, Hesse, found in the tat corpuscles 
of tbe Anopheles larvee (these forms are extremely small and each 
sporont contains only eight spores). It is not met witb in the same 
well-defined form, however, in other members of the Neosporidian 
class. 

An excellent example of a Microsporide of complex development 
is furnished by Glugea anomala, Mon., a parasite of the stickle-back. 
These organisms cause cysts, several millimetres in diameter, to appear 
under the skin, on the gills, and in the ovary. Cover-glass preparations 
of these cysts, whether fresh or fixed aud stained with iron-bsema- 
toxylin, are useful only for the examination of tbe cnidospores. Tbe 
latter are furnished with a very long nematocystic thread, which is 
projected when the specimen is treated with tincture of iodine and 
left in a damp chamber for twenty-four hours. For further study 
of tbe organism tbe entire cyst should be fixed in alcoholic solution 
of mercuric chloride and cut into sections. It will then be seen that 
the cell plasma contains numerous nuclei. In PleistopJiora and 
Thelohania multiplication appears to result from tbe division of 
these nuclei, nuclear division being sometimes followed by tbe division 
of the entire cell. Within the homogeneous mass of protoplasm, and 
separated from it by a thin membrane aud, in later stages, by a layer 
of fluid also, nni-nucleate protoplasmic bodies are found which must 
be regarded as the products of internal budding. These are usually 
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terroed " pansporoblaets." They correspond to the sporonts of 
Pleistcphora and Thelohania, and, after repeated division of the 
nucleus, they break up into a varying number of cnidospores. The 
cnidospores are at first uni-nucleate but, by repeated division, the 
nucleus becomes fourfold. Of these four nuclei, one 
forms the nematocyat and another the shell, while the 
other two form the amceboid germ, which, later, 
emerges from the shell. The manner in which fer- 
tilization takes place is not exactly known, but it is 
probable that, as in the Amcebee, it is by autogamy. 
In older cysts the protoplasm is reduced to a tbiu wall, 
the whole of the interior being occupied by a hollow 
Fio. 3.-Cnido- sP*°e filled with cnidospores. 

spore of aiugea In place of Glugea anomala, an example of a 

Tram ia A tic'. Microsporide which forms large cysts is furnished by 
(Alter stem pall.) Glugea lophU, Dofl, This parasite inhabits the axis- 
5,oc«':'io ' *"" cylinder processes of the ganglion cells of Lopkius 
piscatorius, which is fairly common in the Mediter- 
ranean, and may be obtained from one of the zoological stations in 
that neighbourhood. 

Order 2. Myxosporidia. 

The Myxosporides are distinguished hy certain structural pecoliari- 
ties of the cnidosporeB. These are formed in pairs within a pansporo- 
blast ; they are enclosed in a bivalve shell ; and their nematocysts — 
two or, more rarely, four in number — are projected in response to very 
slight stimulus. In the case of a few very minute varieties, found in 
the gall-bladder of fish, the entire organism forms a single pansporo- 
blast which dies after the formation of the cnidospores. The large 
majority of the Myxosporides, however, appear as plasmic bodies of so 
large a size as to be almost visible to the naked eye. The interior of 
these bodies, like that of the microsporide, Glugea, is filled with 
numerous pansporoblasts which are definitely separated from the 
surrounding plasm. The Myxosporides are widely distributed among 
fisb and are found, though with less frequency, among other cold- 
blooded animals. Tbey occur either in the hollow organs (gall-bladder, 
nrinary bladder, uriniferous tubules), where they perform amceboid 
movements, or they occur as tissue parasites. 

(a) Myxidium Ueberkuhni, Biitschli. 

Of those varieties of Myxosporides which inhabit the hollow organs 
and are capable of amceboid movement, the most readily obtainable 
is Myxidium lieberkilhni. It occurs, sometimes in very large numbers. 
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ID the arioary bladder of nearly all pike. It should be sought only 
in freshly killed fish, as in a dead host it soon perishes. 

For the study of the living organism, the whole of the small 
arinary bladder, which, in the pike, lies on the dorsal side of the 
terminal portion of the intestinal canal, should be removed and opened 
and its contents eicamined in the fresh state. Hairs or glass threads 
should be introduced under the cover-glass to prevent the Myxidea 
from being harmed by pressure. The organisms are seen to be very 
slow in their movements ; their shape, which changes, may he said 
to be ribbon-like ; there is marked dififerentiation of the endo- from 
the ectosarc. The hyaline ectosarc is particularly well developed in 
parasites which live free in the lumen of the bladder ; in those which 
are attached to the walls of the organ it is less clearly defined. The 
endopiasm is surrounded by a layer of material, sharply separated 
from it and finely granulated. The principal mass of protoplasm 
is coarsely granular and rich in varied contents (spores, yellow 
granulations, oil globules, and hsematoidin crystals). 

The superficial layer surrounding the endopiasm may he seen with 
f^eat distinctness if a drop of weak watery solution of eosin be 
introduced under the edge of the cover-glass. The superficial layer 
becomes a light rose-pink and is easily distinguished both from the 
uncoloured ectoplasm and the comparatively deeply stained endopiasm. 

The cnidospores are long in shape with a nematocyat at either 
end. Two are formed within each pansporoblast, and they are always 
found in pairs. They vary very much in numbers. It is probable 
that during the winter months Myxides do not form. spores at all. 

Cover-glass preparations of urme containing Myxides are useful 
for observing cnidospores. They should be stained with iron-hEema- 
toxylin. The method is not practicable for the preservation of the 
whole organism, however, the Myxides being easily broken and 
crushed in manipulating the thin smear. For this purpose, sections 
should be made as follows : The whole of the infected bladder should 
be removed and emptied of urine through the artificial orifice. It 
should he filled with a fixing fluid by means of a pipette, and then 
immersed in the same fluid in a shallow dish. Alcoholic solution of 
mercuric chloride and Fiemming's mixture are the best for this 
purpose. The sections show Myxides in large numbers upon the 
epithelial surfaces. Of these, some are furnished with a tapering 
front portion, by means of which they are attached to bypertrophied 
cells ; in others, this frontal portion is broadened out into a sort of 
solelike attachment, by means of which they remain upon the 
epithelial surface. 
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(i) Spharomyxa labrazesi, Lav. et Mesn. 

Myxidium Ueberhilhni is not a very good subject for the study 
of cnidospore formation. Not only ib the plasm ricb in contents, bat, 
unlike the other Myxosporides, sporulatioQ is simultaneous, thus 
allowing one developmental stage only to he observed at a time. 
Tbe parasites found ia the gall-bladder are better subjects for this 
purpose and, of these, Schroeder ' considers Spharomyxa labrazesi, 
a tenant of the sea-horse, the most favourable. Fresh material is 
readily obtainable as, up to now, every specimen of Hippocampus 
brevirostris, Cuv., and H. guttulatus, Cuv., examined at Arcacbon and 
Bovigno has been found to contain this parasite. The living organism 
is of httle value for purposes of investigation, however, aud fixed 
and coloured specimens are infinitely to be preferred. 

Spharomyxa labrazesi is a Hat, disclike Protozoon nearly circular 
in shape. It may attain a diameter of 5 mm., and it never exceeds 
0025 to 004 mm. in thickness. In colour it is whitish, and presents 
BO striking a contrast to the green gall that it may even he seen 
through the walls of the gall-Uadder. Amoaboid movement, especially 
of the larger individuals, has never been definitely proved. The 
endoplasm contains a large number of vacuoles. Cover-glass prepara- 
tions are not very satisfactory. It is better to fix the whole gall- 
bladder in alcoholic solution of mercuric chloride or Flemming's 
mixture, cutting sections while the bladder is in tbe fluid, as this 
facilitates the penetrative action of the reagent. 

The many nuclei, which are seen surrounded by a small qu&ntity 
of plasm at tbe nodes of the alveolar network, are of two distinct 
types. Either they are large and incompact (female?), or they are 
small and compact (male?). In the small masses of plasm which 
lie between each mesh of tbe network, there are usually two nuclei, 
one of each sort. It is evident that this is a case of commencing 
autogamy, although tbe two nuclei do not combine until a good 
deal later; not until, in {act, each nucleus has divided several times.' 
These plasmic masses containing two nuclei are the pansporoblasts 
of the Myxosporide. In the beginning, owing to the influence of 
the vacuoles by which they are surrounded, they are amoeboid in 
appearance, but in a later stage of their development they round off 
and acquire a firm outline. The two original nuclei continue to 

' O. Schroder, " BeitTttge zur EDtwickelungageBcbichte der Myxosporidien," 
Verhdlg. d. Naiurk.-med. Ver. Beidtlberg, 'N.F.> voL vii, 1907, pp. 4fiS.46a; Arch. 
/. ProtMenkunde, vol. ix, 1907, pp, 869.381. 

' Compare upon this point, as also upon the analogy between JfyxoBporides and 
Amsbie (eapecially Enfamaha coti), M. Hartmann, "Daa System der Protozoen," 
Arek. f. ProlUlenkunde, vol. x, 1907, p. 143. 
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divide nntil there are fourteen naclei in all, eight of which are usually 
grouped in a peripheral circle round the other six (fig. 4, a). During 
the next stage the pansporoblast divides iuto halves (sporo blasts), 
each of which contains six nuclei, while the remaining two nuclei, 
which from the beginning have been noticeable for their slightly 
smaller size, are extruded as abortive and perish (fig. 4, b). The 
six-nucleated eporoblaBts now release the cnidospores and, in this 
manceuvre, two nuclei, which are not visible in the ripe spore, are 
utilized to form the two valves of the shell. Two other nuclei play 
a part in the formation of the two nematocysts, which, as in the 
Myxides, are placed at each end of the sickle-shaped cnidospores, and 
to which, even in the adult spore, remains of the old nuclei may be 



Pia. 4.— Formation of the onidoapoies of SpluBTOmyxa io&rtUMi {after EhihrOder). 
a, P&Dsporoblaat alter completion of nuclear division ; the old nuclei, which are to be 
extruded, are reoognizable bj their xmaUer size, b, PanEporoblast after division into (wo 
sporohlaats ; lejaotion of the two old nuclei, c, Pansporoblaat with young cnidoaporea, 
showing the cella and nematocysts in process of formation, d. Finished onidoapore. e, A 
nematooyst. (a to d magnified I,S0O : 1 ; e about a.fiOO : 1.) 

seen adhering. The two central nuclei form the nuclei of the 
amoeboid germ of sporoplasm (fig. 4, c and d). These two nuclei 
of the sporoplasm (each of which is probably derived from one of 
two other nuclei which combined to form the pansporoblast) finally 
refuse to form a single nucleus. 

(c) Myxobolidce. 

Small protuberances are frequently seen on the gills of fresh- 
water fish. They are either round or oval in shape and, owing to- 
their white colour, they are easy of detection. They are the so- 
called "cysts" of Myxosporidian origin, and belong to the family 
Myxobolides. 

The milky contents of these cysts should be examined in the 
fresh state. It consists almost entirely of cnidospores furnished with 
two nematocysts, which are placed together at what is usually 
termed the "front" pole. Two Myxobolides are recognized; they 
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are distinguished by the shape of the adult spore. They are 
Myxobolus, with roand or oval cnidospores ; and Henneguya, the 
ccidospores of which are drawn out into a long, tail-like process, at 
the opposite end to that at which the nematooyats are placed. This 
process is a prolongation of the shell only, which is bivalved and 
surrounds the entire cnidospore in a douhle-contonred envelope. At 
the meridian, along which the two halves of the shell join, its 
substance is thickened into a kind of roll, which is clearly seen 
when the cyst is viewed in profile. Different species are recognized 
by slight differences in the form and size of the cnidospores. The 
sporoplasm occupies the binder half of the inner space, and generally 
projects in a corner-shaped process between the hinder ends of the 
two nematocysts. In the interior of the sporoplasm is a vacuole of 
comparatively large size, which stains a deep red-brown with very 
dilute iodine, or iodine in iodide of potassium. This vacuole is 
peculiar to the Myxobolides, and serves to distinguish them from 
other Myxosporides (fig. 5, i). The nematocysts may be made to 
project their threads by one of the methods before mentioned. 

The following experiment is interesting as illustrating the process 
of infection by natural means. Living cnidospores are enclosed in a 
morsel of filter paper and the little packet is lowered by means of a 
thread into the gullet of a living fish of suitable species. A glass 
pipe should first be introduced and the package lowered through 
that to avoid injury by the pharyngeal teeth. To prevent the 
loss of the package, a needle is fastened to the other end of the 
thread and fixed in the muscles of the back with the point running 
from tail to head. After the packet has been exposed for twenty- 
four hours to the action of the secretion of the small intestine, it 
is withdrawn, the same precautions being employed as before. It 
will then be found that nearly all the cnidospores have opened, 
releasing the amoeboid sporoplasm, while all the nematocysts have 
projected their threads. The means by which the young cnidospores 
leave the intestine of their host is not known, but it is probably by 
way of the blood-stream. This would account for the frequency 
with which the gills become infected, the parasites being caught 
in the capillary vessels of those organs. 

The nuclear conditions are best studied by fixing the cyst contents 
upon cover-glasses and staining them with dilute hematoxylin or 
iron-haematoxylin. If iron-htematoxylin is used the specimens should 
be left for a considerable time in both the mordant and the stain, on 
account of the extreme impermeability of the shells. But even then 
it will be found that only a certain number of the cnidospores take the 
stain, the rest remaining uncoloured. Where the method ia auc- 
-cessful, however, it is possible to distinguish the two sporoplasm 
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nuclei and, occasionally, also tbe homogeneous reproductive body into 
which they fuae. The nematocysts also become visible vrith the 
remains of tbe two nematocystic nuclei still clinging to them. A 
rough idea of tbe general structure of the cnidospoces and nematocysts 
may be gained by fixing whole Myxosporides and clearing them in 
glycerine. When required for use, they may be teased out in the same 
fluid and embedded in glycerine jelly. As in the case of Nematodes 
and the eggs of Helminthes, Myxosporides should be fixed in 70 per 
cent- hot alcohol to which 5 per cent, glycerine is added, the alcohol 
being allowed slowly to evaporate. 

The best method of exainiuing the whole organism is by means of 
sections cut from tbe iufected gill lamella, which should be fixed 
whole in alcoholic solutioo of mercuric chloride. It will then become 
apparent that the parasite is surrounded by an envelope derived from 
the tissues of its host. Tbe ectoplasm is somewhat thickened, but a 
true cyst, forming an integral part of the parasite itself, has not been 
observed. The interior of the parasite ia entirely filled with cnido- 
spores in all stages of development, which are separated from one 
another by scanty remnants of endoplasm. Tbe development of the 
cnidospores is similar to that of Spkcsromyjea, but it is mote difficult 
of observation. Certain forms, however, may be recognized with 
comparative ease. These are: single nuclei, round which a portion 
of plasma has collected and which were formerly believed to be pan- 
sporoblasts ; the developmental stages of pansporoblasts containing 
several nuclei ; and tbe final stages of spore formation. 

It is now very generally recognized that the spores are not formed, 
in tbe first instance, from a plasmic body containing a single nucleus. 
It is probable that, in the initial stage, two nuclei, round which a 
portion of plasm has collected, come together to form the pansporo* 
blast, without fusion of either nucleus or plasm (Mercier, Keysselitz'). 
Thus the pansporoblast is originally two-celled, and nuclear division 
does not cease (as was formerly believed to be the case) when eight to 
ten daughter-nuclei are formed, but continues until these are fourteen 
(characteristic of the order) in number, their further development 
resembling that of Spharomyxa (fig. 5). 

Myxobolides do not only occur upon the gills ; all tbe organs, with 
exception of the skeleton, may be affected. Tbe following species 
have a practical importance : — 

(1) Henneguya oviperda (Cohn). — Parasitic in tbe eggs of the 
pike, which, when affected, appear white in colour. They are very 

(1) See Braun, " Paraaitenlehrbuch," 4th ed., p. 135 ; also O. Keysaelitz, " Die 
Entwickelung van Myxobolut pfeifferi, Th.," part i. Arch. f. ProtUtenkuniU, vol ii. 
1908, pp. 252-275. 
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coDTenieat for demonstration purposes and especially for section- 
cutting, the cnidospores and especially the pansporoblasts, being 
separated from one aDOther by a larger quantity of endoplasm than 
is the case with the parasite found in the gills. 

(2) Myxoholus cyprini, Dofi. — Parasitic in the kidney of the carp 
and was considered by Hofer to be the originator of small-pox, a view 
which has since proved erroneous, 

(8) M. pfeifferi, Thel. —Para- 
sitic in the muscles of the barbel. 
It gives rise to large tumours, 
provoking severe pathological 
symptoms, which frequently end 
in death. 

(4) Lentospora cerebralis 

(Hofer). — Resembling Myxo- 

Pre. s.-Ponnntion of cnidospores oJ *"'«« ^ut differentiated by the 

Myxoboluspfeiffen{atlxiKeyssel\tz). Mag- vaCUole, which does not Stain 

nified about 3,600:1. a. Pansporoblast with -,. ■ j- „ t. :t:„ ;„ *i,„ 

u nuclei, at tha end oJ nudear division. ^ith lodme. Parasitic m the 

6, Young onidospore, not yet fully de- cartilaginous portions of the 
veloped, with 3 sporoplaBinic nuclei, 2 t ti i ^ ■ -i- e fy 3 

neoitooystio nuclei; and 2 shell nuclei. skuUof certain varieties ofGadus. 
A iKrge vaouale is seen in the BporoplaBra. Has been transmitted to young 

Salmonidie in fisheries by feed- 
ing them with infected fish-meal, when it gave rise to a disease, the 
symptoms of which resemble gid and which is known in Germany as 
"Drehkrankbeit." Both the affected cartilage (skull, in the region 
of the centre of hearing) and the skeleton in its immediate vicinity 
(vertebrse of the neck, gill-cover, gill-arches) became destroyed by 
granuloma. 

Order 3. Actinotnyxidia. 

The Actinomyxides are interesting on account of the unusual 
formation of their cnidospores. The five species known to us are 
parasitic in certain varieties of the OligochsBtes family of the 
Tuhificidae ; four of them being found in the intestinal epithelium 
of freshwater worms, while the fifth inhabits the body-hollow of a 
marine worm. The cnidospores vary with the species, some being 
round, others furnished with processes of different kinds, which may 
give the whole cnidospore the form of an anchor. They are, how- 
ever, always eight in number and are arranged like a three-rayed 
star; they are furnished with a trivalve shell; and they have three 
nematocysts arranged together at one pole. 

Fresh materia) should be carefully teased out. Cover-glass 
specimens and sections should be finished damp, the former to be 
prepared from teased-out portions of organs, the latter to be cot in 
series through the entire body of the infected worm. 
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Order 4. Sarcosporidia. 
Sarcoeporides is the name given to certain parasiteB, either tubular, 
spindle-shaped, or oval in form, which occur in the muscular structure 
of mammals, birds and reptiles. The great majority of these are 
found in the striated muscle-6hres and nowhere else ; but there are 
a certain number of varieties of which the early stages only are found 
in the striated muscle-fibres. These they destroy in the course of their 
development and, surrounded only by the sarcolemma, they are 
apparently retained in the interstitial connective tissue, A single 
species, parasitic in the kangaroo, is an exception to this rule, being 
found in the submucosa of the intestine (first stage of a parasite of 
the anstriated muscles ?). 

The Sarcosporides, hke many of the Cnidosporides, form numerous 
spores by the agency ot a brood-cell (pansporoblast). The life of the 
parent organism does not cease with the completion of the process of 
reproduction ; on the contrary, the parent organism continues to 
grow and the number of spores which it produces to increase. Unlike 
the Cnidosporides, the spores of the Sarcosporides are not enclosed 
in shells. They are bean- or sickel-shaped ; they have one nucleus ; 
and they are not furnished with a nematocyst. The whole organism 
is surrounded by a membrane in which, as a rule, two distinct layers 
are recognized, the inner layer being thin and hyaline. The outer 
layer, which is not always very distinct but can generally be seen 
in the later stages, is furnished with a striation running at right- 
angles to the surface. This has been variously interpreted ; it may 
be due to the presence either of rodlike structures or of pore-canals. 
The latter alternative seems the more likely. 

Little is definitely known of the life-history of the Sarcosporides. 
The species parasitic in the swine and the sheep are readily obtain- 
able, and these should be examined. 

Sarcocystis miescheriana (Kuhn), the Sarcosporide of swine, is 
frequently discovered when examining the carcass for Trichina. It 
is found in the midriff, the intercostal muscles, and the muscles of 
the larynx (according to Kiihn, in 98 per cent, of swine). Ostertag 
has frequently found it in the abdominal muscles, and it may occur 
in any of the striated muscles, including the heart. In this it differs 
from Trichinee, which are never found in the muscular structure of 
the heart. 

The organism should first be examined in the fresh state. A small 
portion of the infected muscle is cut out with a fine pair of scissors 
and examined in normal saline with a low-power lens, the cover-glass 
being gently pressed down on to the specimen. Within single muscle- 
fibres, rod- ot spindle-shaped forms, rounded off at each end and 
measuring | to 1 mm. in length by 0"08 to O'Ol mm. in thickness, 
3 
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will be seen. Being comparatively opaque, they strike the eye at 
once by the unrelieved greyness of their colour and by their close 
granulation. If the morsel of flesh is teased out in normal saline or, 
better still, in lymph, and a muscle-fibre containing a single Sarco- 
sporide is examined with a high-power lens, it will be seen that the 
interior of the organism is filled with minute spores. By teasing oat 
the Sarcosporide itself, the individual spores may be isolated and 
examined, though the method is successful with the larger varieties 
only (see later, Sarcocystis tenella). 

Coloured preparations of whole Sarco- 
~ sporides are made as follows : Small por- 

tions of infected flesh should be fixed 
with picric acid (saturated watery solution 
of picric acid 50 parts, aqua destillata 
48 parts, glacial acetic acid '2 parts ; time, 
according to the size of the specimens, 
half to two hours ; in any case, until they 
become quite yellow). The specimens are 
then put into 50 per cent, alcohol for a 
short time (about fifteen minutes) ; and 
afterwards into 70 per cent, alcohol, which 
must be repeatedly changed ; and finally, 
into 80 to 90 per cent, alcohol. They 
should be stained whole with borax-car- 
mine (twelve to twenty-four hours) and 
Fio. 6. — Longitudinal gectioa afterwards differentiated in alcoholic 
through a, muscle from the pig, solution of hydrochloric acid. After 
^^<«imxi,iSarcocy^iBn^u^heri^na bearing in cedar-wood oil or creosote, the 
(Kuhn). Magniaed 80 : X. (Altot , ■ . , ^ - ^l i a ^ 

B„„Q J muscle IS teased out m the clearmg fluid 

and the infected muscle-fibres separated. 
The brilliant red colouring which the Sarcosporides take on is iit 
such sharp contrast to the pale muscle-fibres, that the former may be 
recognized with the naked eye. 

Sections should be prepared as follows : Fix in alcoholic solution 
of mercuric chloride by Schaudinn's method, or in Eath's picrin 
mixture. Colour the sections with hEematoxylin and eoein. Cross- 
sections are particularly interesting; they show more distinctly than 
either longitudinal sections or whole preparations the way in which 
the muscle-fibres containing the parasites become thickened. 

The Sarcosporide of the sheep, S. tenella, Itaill., is likewise found 
during its earlier stages in the interior of the striated muscie-fibres. 
It was found by Bertram at Bostock in 182 out of 185 sheep. It 
grows to a much larger size, however, in the muscles of the larynx 
and pharynx (Ostertag says also in the skin and abdominal muscles) 
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of the aheep than it does in those of the swine. It forms oval knots 
several millimetres in diameter which, under certain conditions, may 
attain the size of a hazel-nut. This stage in the development of the 
parasite was formerly known as Balbiania gigantea. Cross-sections of 
these knots show a very distinct alveolar network. Branching parti- 
tions, formed of an anastomosing membrane, run from the surface to 
the interior of the organism, enclosing numberless irregular polyhedral 
chambers which do not communicate with one another. This alveolar 
meshwork is also present in the Sarcosporide of swine, but, as the 
chambers and spores are densely crowded, it can be seen only in very 
thin sections or after breaking and emptying the individual chambers. 
Each chamber represents a pansporoblast which has divided into 
numerous spores. In the large Sarcosporides of sheep, spores are 
fonnd in those chambers only which lie near the surface of the 
organistn ; in the interior chambers they are broken up into a granular 
mass. 

In order to examine single spores, one of the large Sarcosporides 
from the gullet of the sheep should be teased ont in natural lymph or 
in normal saline. The naked spores are seen to be bean- to crescent- 
shaped. Their plasm is finely granular and at one pole assumes 
a differentiated structure, becoming, for about one-third its length, 
somewhat paler in colour and obliquely striated. This modification 
has been compared, though upon insufficient grounds, with the 
nematocyst of the Myxosporides. Active movement in the spores 
of the Sarcosporides of the swine and the sheep has not been proved. 
It has, however, been observed in the Sarcosporide of the house-mouse, 
where it takes the form of a forward progression, starting in jerks 
by means of a screwing movement round the long axis of the organism. 
For demonstration purposes, the parasites should be taken from 
a freshly killed mouse and examined in a micro-incuhator at blood 
temperature. Osmotic changes and mechanical movements may 
easily be mistaken for spontaneous movements. 

The spores should be stained in the following manner : A cover- 
glass preparation of a single Sarcosporide is fixed in alcoholic solation 
of mercmic chloride. It is coloured with hsematoxylin or iion-hiematox- 
yhn. The pole opposite to that at which the nucleus is situated 
will appear paler and free from granulation, but a thread-cell or 
nematocyst, such as is seen in the Myxosporides, is not present. The 
single nucleus is comparatively large in size ; it is oval in shape, 
being slightly elongated in the axis of the spore, and it is placed very 
close to one polar extremity, 

Sarcosporides have been found in other mammals besides the 
sheep and swine, as well as in several saurians {Platydactylus niauri- 
tanicus, Lacerta muralis), and a large number of birds. In the few 
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autbentic casee of human infection by tjarcosporides (one case in 
Egypt, that of a Sudanese, two cases in France), the particular para- 
site would appear to have been Sarcocystis tenella. Otherwise, it is 
customary to distinguish the species of Sarcosporides by giving them 
the names of their hosts. In addition to the varieties already men- 
tioned, the following have a practical interest : — 

(1) S. bertrami, Dofl, — Found in the muscles ol the horse, 
especially in those of the throat and neck. Siedamgrotzky found 
it in all the horses which he examined for it in Dresden. Many 
veterinary authorities believe that the so-called " ice-ball swellings " 
(Eisballengeschwiilste) of horses are due to the presence of this 
variety of Sarcosporide, the young spores migrating into the neigh- 
bouring tissues after the bursting of the sac. There is, however, no 
definite grounds for this belief, as such a developmental stage does 
not approximate to any detail in the life-history of other and better 
known Sarcosporides, 

(2) S. blanchardi, Dofl. — Found in the muecles of the ox and 
the Java buffalo. According to Sanfelice, it is present in the tongue 
of nearly all Sicilian cattle. 

(3) 5. viuris (R. Bl.). — Pound in the rump muscles of the 
house-mouse and the common rat. Remarkable for the length 
(several centimetres) which individuals sometimes attain. It di£Fers 
from S. tenella in that it does not completely destroy the muscle- 
fibre ill which it occurs. The parasite has, however, a special signifi- 
cance ; Koch and Smith found it possible to bring about an 
artificial infection of mice by feeding them with Sarcosporides. 
Negri^ believes that he has observed reproduction of S. muris, as of 
S. bertrami, by simple binary fission lengthwise of the spore. 

Class III. FlagflUato. 

The Flagellates, or whip-cells, are distinguished by the possession 
of one or more flagella. These organisms are particularly important as 
being the originators of a number of very dangerous diseases. Unlike 
the Amcebee, little is to be gained by the examination of free-living 
forms, the difficulty of obtaining material outweighing any advantage 
to be derived from their study. 

Before entering into a description of the various species of 
Flagellates, it is advisable to consider the characteristics of their 
llagellate apparatus. This may assume various forms, the most 
important being as follows : — 



'A. Negri, '' Beobachtungen ueber Sarcospori<)ien," Centralbl. f. Bakt., &«., 
part i, No. 47. 1908. pp. 56-61. 
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(1) Frindpal fiagella, which Bpring from the anterior end of the 
oi^anism and are projected forwards. They occur singly or in 
nnmbers. 

(2) Secondary Fiagella. — Smaller procesBes, placed neat the trae 
flagella, and likewise occurring singly or in numbers. 

(3) Trailing Flagella. — Comparatively long processes which always 
occur singly. The trailing £ageilum stEirts at the anterior end, 
generally behind the true flagellum, and it trails behind as the organism 
swims through the water. These flagella occasionailly assume an 
active part in the phenomena of movement, when they perform 
jerking movements and so act as a rudder. Some Flagellates are 
able to bring themselves to an anchor by means of their trailing 
flagellum. 

(4) Undulating Membranes. — This process is found solely among 
the parasitic members of the group, and it always occurs singly. It is 
formed by a flagellum, which is attached to the parasite along its 
length by means of a delicate lamella of protoplasm. The flagellum 
appears as a thickened edge upon the undulating membrane, and 
may be continued as a whiplike process beyond it. This is not, 
however, invariably the case, and the undulating membrane itself is 
subject to considerable modification. 

The flagellum, whatever its form, is always connected with the 
nucleus by a characteristic basal structure. At the spot where the 
flagellum takes its rise, a granule (blepbaroblast) is present in the 
outer layer, which communicates as a rule with the nucleus by means 
of a strong fibrillum (rhizoblast). In many Flagellates, classed 
together by Hartmann under the name " Binucleata," there is, in 
addition to the principal nucleus, a special locomotor nucleus called 
variously " flageltar-nucleus," " blepbaroblast," or " kineto- nucleus." 

In the life-history of almost all Flagellates, definite periods occur 
daring which there is a temporary degeneration of the flagellate 
apparatus. This period frequently coincides with the stages of fertili- 
zation and encysting. The phenomenon has a special significance 
in the case of certain parasites (particularly the intestinal parasites 
of insects and the blood parasites of vertebrates) which are able, in the 
absence of the flagellum, to attach themselves to the cells of their 
host or even to penetrate to the cell interior. 

Flagellate organisms obtain their nourishment in a variety of 
ways. The parasitic varieties feed either by endosmosis {Bodo, Try- 
panosojna) or by the ingestion of solids {Trichomonas, Trichomastix). 
Those Flagellates which ingest solid food are furnished with a special 
oral part, the cytostome (flg. 7, b and c), situated at the anterior 
end of the body. The methods of nutrition have a practical import- 
ance in the cultivation of Flagellates upon artificial media. 
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Classification is based mainly upon tbe structural peculiarities of 
the flagella. The subclass EnSagellata is the only group whicb 
includes parasitic forms, and of this snbclass we shall concern our- 
selves with the orders Protomonadina, Polymastigina, and Binucleata. 

Order 1. Protomonadina. 

The Protomonadines, which must be regarded as the most primi- 
tive of the Flagellates, are capable of more or less definite changes 
of body-form, some varieties performing characteristic amceboid move- 
ments. These organisms are extremely minute ; they have a single 
nucleus ; they do not possess an undulating membrane ; and they are 
furnished with two flagella, placed at the anterior end. The parasitic 
varieties are the Cercomonades and the Bodonides, the former possess- 
ing one fiagellum, the latter being furnished with two, one principal 
and one a trailing flagelium. Very little, however, is known about 
these varieties, and this applies particularly to those forms observed 
in human excreta. Tbe best known is Bodo lacertts (Grassi),' which 
occurs with great frequency in the cloaca and in the terminal portion 
of tbe intestinal canal of hzards. Being rea^Jily obtainable, it is 
useful for demonstration purposes, illustrating as it does the simplest 
form of flagellate apparatus. 

A small quantity of faeces is expelled by gentle pressure from the 
anus of the lizard and caught in a clean watch-glass. If tbe material 
is to be examined fresh, the fseces should be diluted with a little 
normal saline. To reduce the motility of the parasites, add a small 
quantity of carragheen which has been previously soaked in normal 
saline. 

In addition to B. lacertte and the Amoebte (already described), 
two varieties of Polymastigina are found in preparations of this kind. 
These are easily recognizable by the large number of their fiagella and 
their more compact appearance (fig. 7). 

B. lacertte (fig. 7, a) appears at a first glance to be pear-shaped, but, 
as a matter of fact, is flattened and rolled inwards in a spiral fashion, 
so that the parasite resembles a coarse gimlet. Two flagella of equal 
thickness spring from the anterior end, one of which is usually pro- 
jected forward, while the other and shorter of tbe two trails behind. 
There is no cytostome, and it is assumed that nutrition takes place by 
end osmosis. 

The more intimate structural details are best seen in finished 
cover-glass specimens. These should be fixed in alcoholic solution of 

' S. Prowazek, " UDtersuchungen ueber einige poraeitiBche Flagellaten," Arb, 

a. d. Kaiierl. Geswndh.-Atnte, vol. xxi, 1904, pp. 1-41. 
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mercuric chloride, and coloured with iron-haematoxylin. They show 
distinctly the two granules which lie close together at the base of the 
two dagella, as well as the fibrillum or rhizoblast which runs from 
each granule sideways to the nucleus. 

B. lacertcE undergoes reproduction in several ways. Bound brood- 
cysts are sometimes seen, which are formed by the secretion of a soft, 
jelly-like membrane after complete degeneration of the flagellate 
apparatus, and within which two to four daughter-individuals are 
formed. During other stages of its development, the parasite multi- 
plies, without encysting, by longitudinal fission, in the course of which 
an equatorial plate is formed, the nuclear mechanism evidently aiming 



Fifl. 7. — Bpeoies of FlagelUtes which are pansitio in (be cloaca of lizards. (Alter 
Frowatek, sllgbUy modified.) a, Bodo lacerta ; b, Trichomoitix laceria ; c, Triehonumat 

at an exact division of the chromatin. Permanent cysts are also 
formed, by means •of which infection is conveyed. These cysts are so 
highly refractive that little is to be learnt from them in the living state. 
Cover-glass preparations, however, when stained with iron-haematox- 
ylin, show that autogamous reproduction takes place within them. 

Order 2. Polymastigina. 

The Polymastigina are Flagellates with one or two nuclei and with 
fonr to eight flagella, the latter differing more or less in structure. In 
the binucleate varieties, the nuclei are similar in form and size. To this 
class belong the parasites TricJiomonas and Lamblia, which differ 
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from one another considerably in structure, however. Quite distinct 
from these, again, ia Costia, a parasite met with among fish. 



(a) Trichomonas and TrichomasHx. 

The Trichomonas are characterized by their small size, their pear- 
like shape, and by the possession of four flagella which, with the 
cytostome, are placed close together at one end. Of these, three of 
about equal length are true flagella, which frequently adhere to one 
another at the base, while the fourth forms an undulating membrane. 

To this group belong two parasites of man, T. intestinalis and 
T. vaginalis. T. intestinalis is a parasite of the small intestine, frequently 
met with but apparently harmless. It is occaBioually found in the 
stools in diarrhoea, and its presence in the stomach in gastric affections 
(especially carcinoma) has been proved by means of the stomach-pump, 
T. vaginalis is frequently found in the vaginal mucus of women. It 
may also be transferred to the urethra and pass thence into the bladder, 
where it may give rise to cystitis. Secretion containing parasites 
should be examined as soon as possible after it is voided. Owing to 
their extreme activity, the Flagellates are easily seen, and especially so 
in centrifugalized urine. But if the secretion is allowed to stand for 
some time, and more particularly if it is kept at room temperature, 
active movement ceases. Like the intestinal Infusoria, however, the 
activity of T. vaginalis may be prolonged by keeping the secretions at 
body temperature. 

Varieties of Trichomonas closely resembling those of man, and of 
which very little is at present known, are found in the intestines of 
different mammals, as also in the guinea-pig, mouse, and rat. These 
are very useful for demonstration purposes. A similar variety, T. 
lacerta. Prow, (HecDofl-), is found in the rectum of Lacertians; it is, how- 
ever, somewhat rare. Another form closely resembling it, Trichomastix 
lacertm, Blochm., is more frequently met with in the rectum of lizards 
(both Lacerta agiUs and L. muris), and this will well repay examination. 
It differs from Trichomonas in having no undulating membrane, the 
Sagellum, which is turned backwards, forming a free trailer. More- 
over, the three principal flagella proceed from a basal structure placed 
upon one side of the organism, while the trailing fiagellum proceeds 
from another similar structure upon the other side, and quite distinct 
from the first. In Trichomonas, on the other hand, all four flagella 
seem to emanate from one large four-cornered basal structure (fig. 7, 
b and c). These varieties are obtained and examined in the manner 
described on p. 38. 
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(6) Lamblia. 

The third variety of Polymastigina found ia man, Lamblia 
intestinalis (Lambl) is, like Trichomonas intestinalis, B. Lckt., ao 
inhabitant of the small intestine, where it attaches itself to the 
epithelium by means of a euckec-like depreBsion in its broad anterior 
end. In addition to this characteristic sucker-like depression, the 
Lamblia are distinguished by their symmetrical bilateral structure ; 
by the peculiar tapering form assumed by the motile posterior part ; 
by the posaession of four pairs of flagella, of which one pair is placed 
at the front ed^e and two pairs at the binder edge o! the sucker-like 
depression, while the fourth pair proceeds from the posterior tip of the 
body ; and further, by the possession of two similar and symmetrically 
situated nuclei, which together have something the appearance of a 
dumb-bell. Each flagellum is provided with a characteristic basal 
structure, from which a fibrillum runs to one of the two naclei. By 
careful examination, this fibrillum may be seen as a fine dark line in 
the living organism ; in specimens stained with iron-hiematoxylin it 
takes on a still deeper colour. 




Fio. 8. — Lamblia inttttinalia : full view; profile view; dead upon the intestinal 
epithelium ; eDOjrated. (After Qt&Bsi and Schewiakoff, from Braun.) 

Forms similar to that parasitic in man and considered by many to 
be identical with it, are found in the intestine of mice and rabbits. 
These are useful for purposes of investigation. It should be home in 
mind that the parasites are rarely present in the bowel contents ; they 
must be removed from the intestinal epithelium to which they will be 
found adhering. 

(c) Costia. 

There is a third species of Polymastigina of which a passing 
mention must be made. This is Costia necatrix (Henn.). It is ecto- 
parasitic upon the skin and gills of freshwater fish and may acquire 
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a pathological significance in hatcherieB and aquaria. Four fiagella 
spring from that end of the organism which is posterior when swim- 
ming, and of these the two longer serve to attach the parasite to the 
skin of its host, while the shorter pair are employed to obtain food. 
These parasites excite an increased secretion of mucus on the part of 
their host, which causes a characteristic dulness of the skin in fish 
so affected. Owing to this increase in the mucous secretion, the 
parasites may be damp-fixed in cover-glass preparations. 



Order 3. Binucleata. 

{HoTnofiagellates and Hamosporides.) 

These Protozoa are parasitic in the blood of vertebrates. Except 
in the case of certain species (Trypanosomes), their flagellate nature 
is not immediately apparent. In the greater number of species, the 
adaptation of the organism to cell-parasitism has so completely 
modified the flagellate apparatus, that it is customary to class them 
together as a special order (HEemosporides) of the Sporozoa. Quite 
recently, transition forms have been discovered which render it 
impossible in the present state of our knowledge to draw a sharp line 
between the Hsemoflagellates and the HEemosporides.' Hartmann 
includes both in the term " Binucleata " and treats them as an order of 
Flagellates, distinguished by the peculiar structure of their flagellate 
apparatus. In both there is a functional double nucleation ; in 
addition to the principal nuclens, there is a special flagellar nucleus, 
with which the flagella, generally one and more rarely two in number, 
are connected. Although this basis of classification is not, as yet, 
accepted by all authors, it is expedient for the present purpose to class 
the blood parasites together, especially as the method of examination 
is the same in all cases. 



(1) METHODa OP Obtaining Material. 
Those blood parasites which are pathogenic in man and animals 
are restricted in their distribution almost exclusively to hot climates, 
hence fresh material is to be obtained occasionally only and by importa- 
tion. In Germany, two species of blood parasite have, up to the 
present, been observed. These are, Plasmodium vivax, the parasite of 
tertian fever in man, which I have myself observed in the flat country 

' See M. Liihe, " Die im Btute echmarotzendea Fiotozoen iind ihre otLchsten 
VerwandteD," Meme't Handh. d. Tropenkrankh., vol. iii, LeipEig, 1906, pp. 69-268. 
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aroond Memel; and a variety of Babesia, which causes the so-called 
" bloody urine " in cattle turned out to grass. These varieties are 
sporadic in their occurrence, and little reliance can be placed upon 
them for practical purposes. Animals bred in laboratories and stables 
are free from blood parasites, hence fresh material is only to be 
obtained from free-living animals or by importatioa. There are, 
however, many native wild animals, especially birds, as well as certain 
foreign animals (lizards and tortoises), which are to be bought quite 
cheaply from live-stock dealers, which harbour blood parasites in great 
variety. The examination of these is much to be recommended, not 
only as an introduction to the study of blood parasites in general, but 
as a means of increasing our knowledge in this important, but little 
understood, branch of parasitology. 

Birds offer excellent material for examination, especially singing 
birds (FringillidBs) and birds of prey (owls and falcons). Infection 
among them is comparatively frequent, and they are easily held and 
handled in the laboratory. The life-history of a Plasmodium (a 
member, that is, of the group to which the malaria parasite belongs) 
can only be followed in this country by watching the development 
of the Proteosoma of birds. The species Hamoproteus and Leucocy- 
tozoon, though theoretically important, are confined exclusively to 
birds. But the very prevalence ot blood parasites among birds 
increases the difficulty of investigation, cases of mixed infection being 
exceedingly common. 

Free-moving Flagellates (Trypanosomes) are not found with any 
frequency in the blood of birds. But Hamoproteus, Leucocytozomi, 
and, though in a less degree, Proteosoma, are by no means rare. 
Hamoproteus and Proteosoma occur in the Fringiliidse (chaffinch, 
sparrow, goldfinch, yellow-hammer, and others), while the birds of 
prey (falcons, harfang and other owls) harbour Hcemoproteus and 
Leucocytoxoon. Acute infection is seen in young birds. Of exotic 
bird species, that most readily obtainable is the rice-bird {Padda 
oryzivora), which I have almost invariably found to contain Hamo- 
proteus, and my experiments are confirmed by those of Laveran, 

Other animals from which material may be obtained are the 
following : — 

(1) Among vtammals, the rat and the hamster harbour Trypano- 
somes. Bats bred in the laboratory do not contain parasites, but 
infection is by no means rare in freshly caught grey rats. The 
parasites once obtained, they may be permanently propagated by the 
repeated inoculation of white rats (see p. 45). A similar parasite is 
found in the hamster ; it was present in every animal examined by 
L. PfeifTer in the neighbourhood of Weimar, but was found by Wasie- 
lewskt in only two out of twenty-eight examples caught in the 
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neighbourhood of Halle. This species of Trypanosome can only be 
cultivated in tbe banister. The blood parasites of the hat are very 
interesting, hut their study is rendered difficult by the fact that bats 
do not live long in captivity. 

(2) Among reptiles, tbe most important are the lizard, Lacerta 
muralis, and the tortoises, all of which harbour Heemogregarines. 
The wall-lizard is freqaently the host of Caryolysus lacertarum, while 
varieties of HEemogregarinea are always present in the tortoise. 

(3) Of amphibians, frogs are the most interesting, Trypanosomes 
and Htemogregarines {Lankesterella) being frequently found in them. 

(4) Among fish, the Cyprtnides are the most important. I have 
rarely examined Crucians or tench without finding Trypanosomes. 
When mammalian Trypanosomes are not available, these fish, though 
they are as a rule only slightly infected, provide useful material for 
demonstration purposes. 

(2) Inoculation. 

In studying the blood parasites, it is essential to examine and 
re-examine fresh material at different times, for in this way only 
can tbe developmental stages of the different species be followed. 
A sufficiency of material is necessary to investigation ; to obtain 
this, the parasites (already discovered or obtained from other labora* 
tories) should he propagated by the inoculation of hving animals. 
Tbe resulting infection is generally acute in character, and the 
animals may succumb after a definite and, generally, very short 
time. This is the case with mice infected with the Trypanosomes 
of tsetse-dy disease, and with dogs acutely infected with Babesia. 
On the other band, tbe animal experimented upon may overcome 
the acute stage of the disease, but continue to harbour parasites in 
very small numbers. This is the case with singing birds infected 
with Proteosoma. In cases of mixed infection, it is occasionally 
possible to isolate one variety of parasite by inoculation. Among 
the parasites of birds, for instance, it is extremely easy to convey 
Proteosoma by inoculation, while Hatnoproteus is not so readily 
conveyed in this manner. Hence, by inoculation from a case of 
mixed infection, the former parasite may be obtained. Tbe inocula- 
tion method has, however, proved its greatest value in the preser- 
vation, for purposes of demonstration and research, of numerous 
blood parasites which are pathogenic in hot countries. Thus, 
Trypa/nosoma, brucei, tbe originator of tsetse -fly disease, is now 
cultivated in the laboratories of all countries owning African 
colonies. 

It is a point of some importance that certain parasites are con- 
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fined to certain hosts, while others may be transmitted to animals 
of widely different species. Thns, Babesia canis will live and develop 
only in the dog, Trypanosoma lewisi only in the rat, and T. ericeti only 
in the hamster ; but the greater number of pathogenic Trypanosomes 
are transmissible to all kinds of laboratory subjects. The study of 
specific parasites is facilitated by choosing animals for experiment 
which, under normal conditions, are never infected with the organism 
under investigation. This applies to all the species already men- 
tioned (indeed, that pathogenic to man can only be studied by 
inoculating animals), and also to the Trypanosome of rats, which 
may be transmitted to white rats. It applies, moreover, to Proteo- 
soma, which may be transmitted to canaries, a point of considerable 
practical importance to the student. 

The inoculation method is very valuable for observing the Trypano- 
somes of mammals, the Proteosoma and the Babesia. 

(1) Inoculation with the Trypanosomes of rats should be performed 
as follows : Blood is drawn from the artery of a chloroformed rat by 
means of a Fravaz's syringe. It is diluted with sterile normal saline, 
and a quantity of 3 to 5 ccm. is then injected, either subcutaneously 
or intraperitoneally, into the body of a white rat. The period neces- 
sary for incubation, that is, until the appearance of Trypanosomes 
in the blood, is generally about twenty-four hours, though it may 
occasionally be as long as four days. The period of infection lasts 
from three weeks to six months. There are, as a rule, no pathological 
appearances. 

Eats may be used for the cultivation of the tsetse Trypanosome. 
They die very quickly, however (in six to nine days), and this neces- 
sitates frequent re-inoculation, if living Trj^anosomes are to be kept 
for any length of time. The incubation period is up to two days. 
Mice are more convenient for this purpose, but they die in from three 
to six days. 

(2) Proteosoma should be conveyed by the following method : 
A small quantity of blood is withdrawn from the wing vein of the 
infected bird, or, if the bird is freshly or quite recently killed, the 
blood may be taken from an artery. It is diluted to six times its 
bulk with sterile normal saline, and of this mixture 0*2 to 0'3 ccm. is 
injected into the breast-muscle of a canary. The parasites generally 
appear at the end of about a week, and by the third week they are 
very numerous. 

When it is desired to bring about a strong infection for demonstra- 
tion purposes, and the subjects for examination are canaries which 
have already been infected, but in which the acute stage is passed, 
parasites having become so scarce in the blood that they are no 
longer demonstrable, v, Wasielewski recommends that two birds 
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should be inoculated four weeks before it is proposed to examine 
them. Sometimes, though oot always, the resulting infection may 
be only slight, and for this reason the blood should be tested daily 
between the tenth and twentieth days. If the parasites begin to 
decrease in numbers, two fresh canaries should be inoculated with 
the blood of the first two. By this method Proteosoma may always 
be obtained in large numbers. 

Of the Babesia, Babesia cants is the most favourable for examina- 
tion purposes. Inoculation should be subcutaneous and a large 
quantity (15 to 20 c.cm.) of material should be used. 



(3) Cultivation Outside the Body. 

A certain number of blood parasites may be cultivated upon sterile 
media outside the body of their host. By taking suitable precautions 
they may not only be kept alive, but they may be induced to develop 
and to multiply. 

Simple preservation is possible in the ease of Babesia and of 
Trypanosomes, if the blood which contains them is prevented from 
clotting by defibrination oc by the addition of soda citrate. Laveran 
and Mesnil recommend a solution of 5 grains of sodium chloride, and 
5 grains of sodium citrate, in 1 litre distilled water, mixed in equal 
quantities with the blood. The duration of life varies with the species; 
it is longest in the case of the Trypanosomes parasitic in cold-blooded 
animals (fish) and in rats ; it is appreciably shorter in Trypanosomes 
pathogenic to mammals. It depends, morever, upon temperature, 
and, in the case of the Trypanosomes, unlike the intestinal Infusoria, 
it is prolonged by cooling. For instance, Trypanosoma leioisi will live 
in summer for four days only at room temperature, while it may be 
kept for two months at a temperature of 5° to 7°C. Similarly, BaJcata 
bigemina and B. hovis will retain their vitality for two months, and 
B. canis for twenty-five to thirty-nine days, if kept in a refrigerator. 
But in all these instances, the organism is subject to certain changes 
which lead eventually to decomposition. One of the most remarkable 
of these changes is seen in B. cants when examined in blood taken, 
under chloroform and shortly before death, from a strongly infected 
dog. The blood should be thinned with about an equal part of normal 
saline and kept at 27° C. or at room temperature. After about 
eighteen hours, the sediment will be found to contain parasites 
which, by the projection of raylike processes, have assumed a star- 
like appearance. They give the impression of being quite rigid, but 
prolonged observation in drop cultures will reveal slow changes of 
form. The meaning of this starlike appearance is not known, the 
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most probable theory being that it is a manifestation of degeneration. 
Koch,* however, observed similar phenomena in the stomach of ticks 
which had been previously infected with B. bigemina. 

Citrate of eoda cultnres have a special interest in connection with 
Leishmania donovani, the parasite of kala-azar. By the addition of 
an egnal quantity of 2*5 to 5 per cent, citrate of soda solution to the 
infected blood, the organisms not only remain alive for about four 
weeks, but they reproduce themselves and pass into a developmental 
stage which has, up to now, never been observed in man. At this stage 
the organism is long and narrow in shape ; it possesses a flagellum, and 
it is actively motile. In blood taken at the height of infection, shortly 
before natural death, from an onchloroformed dog, active flagellate 
forms of B. canis were found. The flagella of these organisms are, 
however, so easily detached, that it is rarely possible to observe them 
in fixed and coloured specimens. It has been suggested that these 
flagellate forms of Babesia are the male sexual forms, but the 
conclusion is very doubtful. 

Permanent pure cultures outside the body of the host have suc- 
ceeded in the case of certain blood parasites, but upon two media 
only. These are as follows : — 

(1) Blood-agar (Novy) is used for the cultivation of Trypanosomes 
and will be described later. It is equally useful for certain blood 
parasites which have become adapted to cell-parasitism. These are 
Heetnoproteus (Hartmann)* and Leishmania (Nicolle).' 

(2) Blood-bouillon (Miyajima*) yielded remarkable results with a 
Babesia found in cattle in Japan and Corea. The infected blood was 
withdrawn from the jugular vein and immediately defibrinized under 
antiseptic precautions. It was then mixed with ordinary nutrient 
bouillon in a proportion of 1:5 to 1:10 and kept in sterilized test-tubes 
at a temperature of 20° to 30° C. Large round parasites, with a 
diameter greatly in excess of that of the blood corpuscles, developed 
in the fluid. (These appear to resemble forms found by Koch in East 
Africa in the stomach of ticks which had been removed two to three 
days previously, gorged with blood, from an ox infected with 
B. bigemina). Flagellate forms are observed in old cultures after 
seventy-two hours ; these increase in number and are most plentiful 

' E. Koch, " Beitrage zur EntwickelungBgeaohichte der Piroplasuien," ZeiUckr. . 
f. nygiene,voi. liv, 1906, pp. I-IO. 

F. E. Eleine, " KultivieiuDgaverauch der Hundepiroplasmen," ibid., pp. 10-16. 

* K. EiBskoll and M. Hartmann, " Praktikum der Bacteriologie uad Proto- 
zoologie." Jena : G. Fisher, ItMDT. 

' See F. Verdier, " Lea Leishmanioses." Paria, 1908, p. 89, with plates. 

* M. Miyajima, "On the Culbivation of a Bovine Piioplasioa," Philippine Journal 
of Science, vol. ii, 1907, pp. 88-81. 
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between the tentb and fourteenth days. They are considerably more 
slender than the flagellate forms cultivated upon a citrate of soda 
medium by Kinosbita, and for this reason approximate more closely 
to the Leiskmania donovani type. They differ from it, however, in 
the possession of an undulating membrane which completes their 
resemblance to the Trypanosomes, They multiply, in the same way 
as other Flagellates, by longitudinal fission. At room temperature 
they remain active for forty-five days ; at a temperature of 10° to 
20° C, up to three months. As with Novy's method, secondary 
cultures may be made by inoculating fresh blood-bouillon with 
material taken from the first culture. It was found possible to infect 
a calf with Babesia by inoculation with pure culture parasites. 



(4) Transmission by Blood-sdcking Animals. 

There is no doubt that, with but few exceptions (as Trypajiosoma 
equiperdum, which is transmitted by coition), blood parasites are 
transmitted'hy means of blood-sucking animals, although with many 
species the exact manner in which this takes place is not known. 
Two different types of infection are, however, distinguished. 

(1) A true change of host, the blood-sucking animal being the 
host of the parasite, which can only he transmitted to a second or 
intermediate host after the completion of a certain stage in the 
development of the parasite. An instance is afforded by the convey- 
ance of the malaria parasite from the mosquito to man. 

(2) A inechanical infection, by the agency of a blood-sucking 
animal in which the parasite does not undergo further development 
and which is, therefore, not its true host, but which is, nevertheless, 
able to convey infection when its sucking or intestinal apparatus 
retains traces of infective material with which it has come into recent 
contact. Thus, Spiroachaudinnia recurrentis, the organism of 
relapsing fever, is carried by bed-bugs and rat-lice. It would appear 
from recent experiments that the Trypanosome of sleeping sickness 
is conveyed to man by Glosdna palpalis, its true host being probably 
G.fusca} 

All blood-sucking invertebrates convey blood parasites, or are, at 
the least, seriously suspected of so doing. The following groups have 
come within the author's somewhat limited experience. 

Mosquitoes and gnats are the true hosts of a large number of blood 

' See £. A. Minchin. " InveHtigations on the Developraent of TrypctDoaotneB in 
the Tsetse-flies and other Diptera.," Quarterly Journal of Microtcopieal Sciettee, 
vol. lii, 1908, pp. 159-260. 
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cell parasites of mammalB and birds. Ot these, Anopheles are tbe 
most important, ob they ate tbe ageDtB by which malarial infection 
is conveyed to man; while Culex is the host of those varieties of 
H<Bmoproteus, Proteosoma and Leueocytozoon, which are parasitic in 
birds. Stegomyia fasciata carries, probably as the true host, the 
■virus of yellow fever, and different varieties of Cuhx transmit the 
filaria of man, the dog, and probably also those of birds. 

Stinging-flies convey pathogenic Trypanosomes both mechanically 
and in the character of the true host. Such are Glossina palpalis and 
G. fusca, which transmit the sleeping sickness of man; and other 
varieties of tsetse-fly, as well as probably Stomoxys and the 
Tabanides, all of which convey the Trypanosomes of the domestic 
animals. 

Louse-flies (Pupipara) probably carry the blood parasites of certain 
mammals and birds. Varieties of Lijnchia transmit the Hamoproteus 
of pigeons; the parasites pecnliar to the bat are probably all con- 
veyed by Nycteribia ; while Hippobosca rufipes is believed to be 
the carrier of the Trypanosoma tlieileri of cattle. 

Fleas, as far as our present scanty knowledge goes, can be 
regarded only as occasional mechanical agents of infection. As such, 
however, tbey have a considerable experimental interest, especially 
since the recent discovery that fleas which infest rats convey, not 
only the Trypauosomes of rats, but other species of Trypanosomes 
with which the rat has been artificially infected. 

Lice may convey different serum parasites. According to Pro- 
wazek, the rat-Ioase, Htsmatopinus spinulosus, is not only the true 
host of the rat but, owing to its voracious habits, it may also transmit 
the Ttypanosome mechanically. It frequently sucks more blood 
than it is able to digest; consequently, the next time it feeds, the 
slight contraction of the muscular structure of the body necessary 
to start the act of sucking, is sufficient to expel the undigested 
blood into the fresh wound. Advantage has been taken of this fact 
to perform experiments which have led to interesting discoveries. 
For instance, ManteufFel has recently proved that Spiroschaudinnia 
recurrentis, after being transmitted by inoculation to rats, may be 
mechanically conveyed by rat-lice, without the louse being in any 
sense the actual host of the parasite. It is interesting to note in this 
connection that the Indian Spirochaata fever of man, which resembles 
but is not identical with relapsing fever, is conveyed by lice. 

Bugs appear to play but a small part in the transmission of blood 
parasites. They may, by mechanical means, convey the organism 
of relapsing fever, but after a prolonged sojourn in the stomach of 
the bug the Spirochtette become digested. (Nuttall). According to 
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PattoD, the kala-azar parasite, Leishmania donova7ii, is cooveyed 
by Acanthia rotundata} 

Ticks are import&ut as being the vehicle by which Babesia are 
conveyed. Id Germany, Babesia bonis is conveyed to cattle by Ixodes 
riainus. Ticks are particnlarly interesting as being the transmitters 
ol HEBmogregarines, experiment having proved I. ridnus to be the 
true host of Carolysus laeertarum. Many forms of Spirochieta in- 
fection are conveyed hy ticks. Such are the African tick-fever of man, 
cansed by Spiroschaudinnia diittoni, and those forms of Spirochieta 
infection which have been artificially induced in cocks and bens. 

Leeches nndoubtediy convey blood parasites to tortoises, amphibians 
and fishes, although definite information as to the actual species 
transmitted is wanting. 

When experimentally inducing a parasitic infection of the blood, 
it is before all things necessary to ascertain by repeated blood tests 
that the animal to be experimented upon is free from all previous 
taint. Theoretically, the blood-sacking animal by means of which 
parasites are to be conveyed from the infected vertebrate to a fresh 
host, should also he examined. In practice, however, this is not 
possible, as in the greater number of cases the requisite proof could 
only be furnished by the section and microscopic examination of the 
body of the intermediate host. Such would be the case, for instance, 
with a mosquito containing malaria parasites. Attempts have been 
made to overcome this difScnlty by using invertebrates which have 
been cultivated from the egg, or at least from the larval stage, in the 
laboratory. But the method is successful in certain cases only (as, 
for instance, mosquitoes which are to be infected with Proteosoma, or 
the parasites of human malaria), as many blood parasites are trans- 
mitted to the eggs of their host and infection is thus congenital. 
Such is the case with Babesia in ticks, Hcemoproteus noctua in 
Culex, and Hamogregarina strpanoioi in Placobdella. Speaking 
generally, the most that one can do is to employ as many subjects 
for experiment as possible; to follow the development of the parasites 
in the body of the blood-sucking host ; and to guard against error by 
careful observation of control subjects. !Every now and then it may 
be possible to procure animals for experiment from districts where the 
particular Protozoon under obser\'ation is either absent or very rare. 

We shall now give minute instructions for the microscopic ex- 



' W. S. Patton, " Preliminary Report on the Developiueiit o( the LeiahiuaD- 
Donovan Body in the Ded-buR," '■ Sciient. Mem. liy Off. of the Med. BJid Sanit. Dep. 
of the Goveriim. of India," No. 27, Calcutta, 1907, 4to, p, 19. W. S. Patton, " The 
Development of the Lei sli man-Donovan Parasite in Cimej rotundaltit," Second 
Report, ibid. No. 81. Calcutta, 1907, 4to. p. 26. 
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aminatdon of mosqnitoes, as these, and especially the genera Anophe- 
litia and Culicida, have a great practical importance.' 

In the first place, the females, which alone have an ezperimental 
interest, ehoald he carefully dietingaished from the males, and the 
different species should be distingnished from one another. The most 
minute attention must be paid to the appearance of the palpi and 
antennae. In the male, the antennEe are covered with long bushy 
hairs, in the female with short bristles. The palpi of the female 
Culex are much shorter than the proboscis, while in the female 
Anopheles they are the same length as the proboscis, and thus a little 
longer than the anteonte (figs. 9 and 10). Various methods of 



FiQ. 9.— Head of CuUx. a, Male ; b, female. (After Oilea, from Btbud.) 

catching the flies have been recommended, but the simplest apparatus 
is perhaps the following : A simple glass tube, about 15 cm. in length 
and 2 cm. in diameter, is fitted with a cork in which a hole has been 
bored. Into this hole a small funnel, the external diameter of which 
is about 6 cm., while the lumen of the tube should measure about 
5 mm., is introduced in such a way that the small end, which should 
be cut off diagonally, projects some 2 to 3 cm. into the lumen of the 
glass tube. The apparatus is inverted over the insect when at rest 
upon a wall (or other plane surface), and a flat disc of suitable size is 
inserted between the mouth of the funnel and the wall. This disc 
should be of metal and should be attached to the cork by means of a 
fine chain. On being disturbed, the insect flies up and soon passes 
from the funnel into the glass tube. As, like the eel in the eel-pot, 

' Directions for the examination of other blood -auckiag invertebrates (leeches, 
ticks, ineecta) are given in the Anal chapter of this volume. 
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it fails to find tbe opening by which it entered, the disc may be 
removed from the funnel and the apparatus employed to catch other 
specimens. Provided that they are kept safficiently damp, mosqaitoes 
when caught may be kept for months in glass tabes closed with gauze. 
V. Wasielewski describes a form of glass which appears to be very 
useful for tbis purpose. It is a small glass cylinder, closed at one end 
with a gauze cap, which is fixed by means of gum to a thickened rim 
in the glass ; at the other end it is closed by a cork in which a hole 
has been bored. Into tbis hole a small glass tube is fitted which must 
not project inwards beyond the cork. It is famished with a small 
sponge which is kept wet. The mosquitoes are fed with blood through 
the gauze cap. Culex takes three days to digest blood and then feeds 
again ; Anopheles, which is more difficult to keep, is ready to feed 
again on the second day, and should therefore he fed daily. 



Fia. 10. — Head of Anophtlea. a. Mala ; b, female. (Alter Giles, fram Brann.) 

It is sometimes expedient to cultivate mosquitoes from larva;. 
They are found on damp ground near water, the Cuhx in large or 
small numbers, the Anopheles generally singly. Morphologically, 
they are distinguished from one another by tbe structure of tbe 
respiratory orifice, situated in the 8th abdominal segment. In Culex 
it is placed at tbe extremity of a long breathing tube or syphon, 
while in Anopheles no such breathing tube is present, the respiratory 
orifice being situated in a minute depression upon the exact margin 
of segments B and 9. The larvfe are best reared in small aquaria, 
which should be closed with gauze and protected from tbe sun and 
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dust. Id tbeir internal a>rrangements, these aqaajia sbould reproduce 
as nearly as possible the n&taral conditioDS under whicb the larva; 
are fonnd.^ 

Parasites in various stages of development are found in the mid- 
gut and in the salivary glands of the mosquito. To examine these 
the insect should be prepared as follows : — 

Ansesthetize with ether vapour and, after removing the wings and 
legs, place the insect upon a glass slide upon a dark background ; add 
a drop of normal saline solution. With a sharp knife separate the 
abdomen from the thorax in the Ist abdominal segment (fig. 11, 
arrow A). Pins should be placed at the points in the figure marked 
respectively a, b, c, and d, and, by careful pulling, the attachment 
between the 6tb and 7th abdominal rings should be released. The 1st 
abdominal ring is held 
6rmly by means of a 
pin through point e, 
and, by carefully palling 
away the 7th segment by 
means of the pin through 
point c, the abdominal 
viscera (intestines and 
sexual apparatus) are 
drawn out and may be 

directly examined in Fio. ll.-Di^ram iUostritiDg the method of prepar. 
the fresh state. The tug a mOBquilo foe the mioroacope. (After B;sell, from 
so-called "cysts" of the JW«nM'» Handb. d. Tropenkrankh.) 

malaria parasite will be 

seen in the wall of the mid-gut (fig. 12, m), and the Protozoa which 
inhabit the lumen (the ookinets of the malaria parasite, intestinal 
Flagellates) may be examined through the thin intestinal wall without 
further preparation. Many of these, however, pass out with the bowel 
contents when the gut ia divided. 

To dissect out the salivary glands a preparation microscope should 
be Qsed. Press the neck forward by squeezing the thorax, and then 
sever the anterior portion of the thorax by a cut in the direction 
shown by the arrow B, fig. 11. With the assistance of two pins 
inserted at / and g, the neck is split lengthwise as far as the 



' Detailed inatractioas for rearing and keeping noequitoea are given by EyseU, 
"Die Stechmilcken," Mejue't Handb. d. Tropenkrankh., vol. ii, pp. 44-81 (Leipsig, 
1905) ; bj V. Wasiclewaki, " Studien u. Microphotogramme zor Eenntnia der patho- 
genen Protozoen," part 2; " UntersucbuDgen ilber Blutsohmarotzer," 6vo, pp. 17S 
(Iieipzig, 1908j ; b; R. Blancbard, " Lea Moustiques, Hietoire naturelle et m^dioale," 
8vo, pp. 673 (Paria, 1906) ; and others. 
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attachnient of the head. If the head is now held by a pin at point h, 
the two triple-lobed salivary glands (fig. 12, gl. sal.) may be removed 
with a second pin from the loose connective tissne surrounding them 
and, after severing the excretory ducts, they may be examined for 
malaria parasites. This manipulation requires care and a little 
practice. The anterior stomach (fig. 12, prov.) is prepared in a 
similar fashion ; its folds may harbour numerous Hcemoproteus in 
the Trypanosome stage, which will be found attached to the walls. 

For permanent preparations, the mid-gut should be slightly teazed 
out upon a cover-glass and fixed as a cover-glass preparation in 
alcoholic solution of mercuric chloride. Stain with hsematoxylin or 
iron-hEematoxylin. The latter produces very pretty effects with the 
older cysts of the malaria parasite, if the specimens are sufficiently 



Fio. 13. — Diagrunmatic illustratian ol the digestive and cironlalory organs of a femala 
nio«quito. The mouth-patta are omitted. (After LUbe, from Mente'a Handb. d. Tropen- 
krankh). a. Aorta, e, Heart, cav. or., Oral oavitj. coZ., Colon, ^.i. , Lower pbaiTDgeal 
ganglion, g.a., Upper pharyngeal gMigUon. gi, taX., Left salivary gland (the axoretoty 
duot onlj' of the right Balivory gland ia shown), tl., Daum (commencement of mid-gut), 
fn., Hid-gutor etomaoh. cm., CEsophagus. o.v., Venons oriflcea of the heart, p., Pharyn. 
geal snotion apparatus, prov., Antnior Btoraooh (its folds may harbour numerous 
Flagellates), r. , Sphincter muscle (the proTentrionlua) at the junction of cesophagns and 
mid-gut. Ttet., Rectum, with three papillEs of the right side, a.l.. Right dorso-lateral 
diverticulum of the suction atomooh (the left is cut away), t.v.. Ventral diverticulum 
(invariably contains jeast-oells, which have sometimes been mistakea for developmental 
stages of parasitic ProtOBoa). (.m., Molpighian tubes. 

decolorized for the parasites to show up darkly against the pale 
grey colouring of the intestinal wall. Whole preparations of the 
salivary glands are made in the same way. Sections may be cot 
from the whole insect or from single organs fixed in alcoholic solution 
of mercuric chloride. 

(5) Examination op Blood. 
Blood for demonstration purposes should be drawn from the tail 
artery of rats, mice and lizards, after cutting off the tip of the tail; 
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it should be taken from the outer ear of dogs and the larger mam- 
mals ; from the lobe of the ear of man rather than from the finger, as 
18 asnally the case ; from a bare place on the breast of birds or, better 
still, from the inner surface of the wing ; from the taU of tortoises ; 
and from the back of fieh. 

A movable stage should be used, as by this means the entire 
specimen may be examined with the minimum of time and trouble. 
Otherwise, there is little to add to the directions for the examination 
of fresh material given in a previous chapter. These instructions 
should be minutely followed, however, as nowhere is a scrupulous 
attention to technique of greater importance than in the study of 
biood parasites. If the growth of the parasites is not watched in the 
living organism, but is merely deduced from dried and coloured speci- 
mens, there is danger of developmental stages belonging to different 
genecations (schizonts and gametocytes of the malaria parasite) being 
mistaken for the developmental stages of a single generation. Or, 
^ain, a mixed infection may be overlooked and forms belonging to 
widely different species may be mistaken for developmental stages of 
a single parasitic variety. (As a matter of fact, both mistakes have 
occurred.) 

Biood may be preserved in three ways :— 

(1) Dry Cover-glass Preparations. — The blood parasites are the 
only Protozoa of which dry preparations can be made. Many forms 
keep better if they aie fixed by exposure to osmium vapour for five to 
ten seconds before drying. They should be dried at room temperature 
and not by passing them through a flame. To keep, dry preparations 
should be wrapped in blotting paper and packed in tightly closed jars, 
with a small quantity of calcium chloride to preserve them from damp- 
They keep their colour somewhat longer in this way. Dry preparations 
which have not been exposed to the action of osmium vapour should 
be fixed before staining in 96 per cent, of absolute alcohol (time, ten 
to twenty minutes) and again dried. They are best coloured by the 
Giemsa modification of Kotnanowsky's stain. Giemsa solution (which 
is supplied ready for use by Griibler and Co. , Leipzig) is employed in the 
proportion of one drop to each cubic centimetre of distilled water, 
and the mixture should be used immediately. The preparations must 
be placed material downwards in the stain, or they will be spoilt by 
precipitates. Two specimens may be stained at the same time, if one 
cover-glass rests with all four comers touching the bottom of the 
watch-glass while the other is made to float upon the surface of the 
fluid. The specimens will, as a rule, be sufficiently coloured in fifteen 
to twenty minutes, but the process should be watched under the 
microscope. When finished, the plasma should be stained blue and the 
nuclei red. If the parasites are very scanty, the blood corpuscles 
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should be watched, the proceas being complete when these have 
stained a deep violet. The preparations should be well syringed with 
distilled water, dried, and mounted in thickened cedar-wood oil 
(immerBioD oil). Canada balsam should not be used or the stain will 
not he permanent. On account of its convenience and the sharp 
contrasts of colour which it presents, this method is invalnable for 
preliminary examination and for diagnostic purposes. It is, how- 
ever, useless for the study of minute details, the parasites becoming 
to a large extent spoilt by the process of drying. For the latter 
purpose : — 

(2) Damp-fixed cover-glass preparations should be employed. 
The method of preparing them has already been described (p. 9). 
Still better is — 

(3) The preservation of blood in large quantities, by allowing it 
to drip straight into a glass containing fixing mixture (alcoholic solu- 
tion of mercuric chloride, Flemming's or Hermann's mixture). The 
contents of the glass should immediately be centrif ugalized , the fixing 
mixture poured off, and the blood washed out. It is advisable to 
centrifugalize after each change of fluid. Damp-fixed blood should be 
coloured either with diluted hfematoxylin, or with Salvin-Moore and 
Breinl's modification of the iron -hfematoxylin method, thus : The 
preparations are allowed to remain for one hour in a mordant solution 
of 3^ per cent, iron-alum ; they are then stained for half an hour in 
^ per cent, solution of hfematoxylin in distilled water, to which, 
after the solution of the colouring matter, a few drops of concentrated 
watery solution of lithiuti] carbonate have been added. Differentiate 
with iron-alum in the usual manner. 



(6) DESCRIPTION OP CERTAIN MORE IMPORTANT FOBMS. 
Although the blood parasites, as a class, are both numerous and 
interesting, it is the purpose of the present work to describe those 
forms only which are readily obtainable, and which are of practical 
interest to the student. For further information, the special text- 
books of the subject should be consulted. 

(a) TrypanosomidcB. 

These parasites are free-living in serum. When mammalian blood 
is not available, fresh material may be readily obtained from certain 
fish. Crucians, tench and carp are the most frequent hosts. The 
parasites are less prevalent in winter (November to February) than in 
summer; and they are more frequently found in second summer carp 
than in first (Keysselitz). 
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Two varieties of Trypanoeomidie are met with in fish. Of these, 
one, the Trypanosoma, is furnished with a single flagellum attached to 
an undulating membrane, and closely resembles the Trypanosome of 
mammals (fig. 13). The second, Trypanoplasrua, ie generally the 
more numerous. In it the undulating membrane is prolonged into 
a short flagellum at the hinder end of the body, and the organism 
is furnished with another long and quite free Bagellum (fig. 14). 
These parasites are easily recognized, even with a low-power lens, 
by their active darting movements, by which the ted cells in their 
neighbourhood become displaced. 

When examining fresh material, the student should first note the 
characteristic movements, which differ somewhat in the two varieties, 
and should then endeavour to make oat something of the structural 
peculiarities. In the Trypanoplasma the flagella are placed close 




Fig. 14, — Trypanoicma cj/prini. Four 

ezunplOB between red corpuscles from 

Fio. IS.^Trypanotoma gambUme, DaCtoa, thebloodolcarp. (AfterPlehnandHoIer. 

from the blood of man. Magnified About trom BrBUD.) TbeloDg freeflagellumis 

1,700:1. (Alter Dut ton, from BrauD.) placed at theanteriorendof the parasite. 

together at the anterior end of the organism ; they proceed from two 
contiguous basal structures, behind which lies a long spindle-shaped 
flagellar nucleus. The round principal nucleus lies also in the front 
part of the body, opposite to the flagellar nucleus. In the Trypano- 
soma, however, the principal nucleus generally lies in the middle of 
the body, while the flagellar nucleus, which is a good deal smaller in 
size, is placed near the non-flagellate end. Close to the flagellar 
nucleus, but not always easy of detection, lies the basal structure 
(fig. 15) of the one flagellum, the latter forming the thickened edge of 
the undulating membrane. The Trypanosomidte are characterized by 
the possession of eight fibrillte or " myonemes," which run lengthwise 
of the flattened body, and of which four are arranged on each side. 
They are embedded in the thickened outer layer of plasma, and, like 
the basal structure, they are generally difficult of detection. This 
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outer plasm is called the periblast; it Btains a light pink after pro- 
longed immersion in Oiemsa's stain. In cover-glass specimens, single 
parasites are sometimes foand, which have become crushed daring 
preparation in SQch a manner, that the thin inner plasma escapes 
through rents in the periblast. This is sometimes observed in 
T. theileri (the giant Trypanosome of cattle, which may attain a 
length of 0*06 to 0-07 mm.), and is also seen, though with less frequency, 
in smaller varieties. In these crashed examples, 
the myonemes are readily made out by reason 
of their darker colour, though their position may 
be very much altered by the rupture of the peri- 
blast. The term "myoneme" is misleading in 
this case, as the fibrillte are not contractile, but 
elastic, resembling the axis-fibrilliB. 

Fission forma are not observed with any fre- 
quency among the parasites of fish, but they are 
frequently found in rata and mice when the in- 
fection is very severe. 

Fission takes place longitudinally, the prin- 
cipal nucleus and the flagellar nucleus dividing 
independently of one another. From the 
flagellar nucleus of one of the daughter in- 
dividuals a new flagellum is formed. This lies 
so closely to the original flagellum, which is 
retained by the second daughter individual, that 
its presence can be detected only after very care- 
ful examination. At a first glance it looks as 
if the flagellum divided from its baise upwards. 
FiQ. 15. — DifLgram Colouring by Giemsa's method seems to show 
^ the organization of that the divisioD of the principal nucleus takes 
the Coccidia, from within outwards 
the first instance, of an inner 
body or caryosome (Prowazek, Liibe). Butcare- 
ful study of datop-fixed cover-glass specimens 
coloured with iron-htematoxylin shows that this effect is artificially 
produced by the Gciemsa stain, and that division takes place as a 
result of a true mitosis (Rosenbusch '), 

It has already been stated that Trypanosomes may be kept alive 
for a certain time outside the body of their host. Their examination 
is considerably facilitated by the fact that they may be cultivated by 
Novy and McNeal's method upon blood-agar. 



Trypanoaonia UmH. . 

(Altei Frowazali, from P" 

Beaun.) Theaiia-flbriUffi by jhe division, 

are cemoved ; tab" myo- ■' 

nemes " are dotted in. 



' Short (iretatory note 
pp. 169, 



n Arch.f. Frotitlenkundf, ■ 



lii. 1908, parts 1 and 2, 
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A small qa&ntity of agar-agar, as used for bacteria calliares, is 
melted in test-tubes in a hot-water bath at a temperature of 50° C. 
To this ia added an equal quantity of fresh defibrinated rabbit's blood. 
The mixture should be well shaken, and any bubbles which may have 
formed are punctured with a hot platinum needle, as, otherwise, they 
might hinder the condensation of water. The tubes are cooled 
in an oblique position, closed with a rubber cap, and placed for 
twenty-four hours in a thermostat at a temperaJ;are of 37° C. At the 
end of that time water will be found to have condensed freely, and 
tubes which have escaped complete sterilization may be recognized 
and removed. Blood containing Trypanosomes should be taken with 
a Pravaz's syringe, under antiseptic precautions, from an artery of the 
infected animal and mixed with a small quantity of normal saline. 
The skin at the site of operation should be carefully prepared. The 
animal may be chloroformed without endangering the success of the 
experiment. Three " looplets " of the infected blood should be 
transferred to the condensation water in one of the test-tubes, or 
three droplets may be conveyed by means of a sterile pipette. 

These cultures are very successful in the case of the Trypanosomes 
of fishes and of rats, all those varieties, in fact, which do best in the 
refrigerator. At the end of a few days numerous Trypanosomes are 
seen, which agglomerate into rosettes and multiply very rapidly- 
Animals may be inoculated from these cultures or secondary cultures 
may be made. Each culture is, as a role, infective for about one 
month. The culture Trypanosomes differ from those living normally 
in the blood-stream in the greater delicacy of certain portions of their 
structure (position of the flagellar nucleus, texture of the protoplasm). 
These modifications may be attributed, at least in part, to degenerative 
changes due to the abnonnal medium. The tendency to agglomerate 
into rosettes is also a sign of degeneration. 

The tsetse Trypanosome, T. brucei. is considerably more difficult 
of cultivation than the Trypanosome of the rat, Novy and McNeal 
recommend the following medium, though they did not find it 
invariably successful : — 

The extraot from 125 gr. beef in 1,000 com. distUled wmot. 

Agar-agar 20 gr.' 

Peptona 30 gr. 

Common soil S gc. 

Normal (6-3 pec cent.) soda solution . . . . 10 c.cm. 

Of this mixture 1 part by volume is added to 2 parts defibrinated 
rabbit's blood at a temperature of 55° to 60° C. 



' Nocht and Mayer lound that the medium set better with 25 gr. agar -agar. 
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Rat-lice, the undoubted carriers of T. leunsi, may, on account of 
their flat form and their transparency, be examiaed for Trypanoaomes 
under the microscope without preparation. The TrypanoBomes may 
be exposed by isolating the intestinal cana! with two fine pins, and 
then teasing it out in a little normal saline solution. 

(ft) Hamoproteus. 

A peculiar form of parasite is found in the blood of certain birds, 
especially singing birds, and of the carnivori. It feeds upon the red 
blood corpuscles, and may be either sickle-, dumb-bell-, or bean- 
shaped. The full-grown parasite is so placed in the long diameter 
of the red blood corpuscle that it encloses the nucleus with its con- 
cave side (fig, 16, /} without, however, as a rule, displacing it. These 





Fio. 16.— DlagramniBtiQ represeotatioQ of (ha changes ol the asexual focm» of ScemO' 
proleut nocfU(£(CelliandSanfelioe]iu the blood of the owl. (AfCecSchaudiDD, fromBrauD.) 
a, FeDetration into a red blood oorpuEcle. b. Resting staga. c. Resting stage fortj-eight 
hours later, d. Leaving the red blood cell ; commencing formation of flagellom. 
e, TrypaDosome form, resulting from d, beginning to penetrate a red blood corpuscle. 
/, Beating stage, five days after a, g. Full-grown Trj'poDosome. 



organisms are termed H<Bnuyproteus and their significance is twofold. 
In the first place, it is quite certain that the process of fertilization in 
Htsmoproteus is identical with that of the other Plasmodia (malaria 
parasite of man and Proteosoma), while it may be observed under the 
microscope with tar greater accuracy and ease. In the second place, 
observations of a variety of Hamoproteus found in the common brown 
owl {Athene itoetua), have established the fact that these non-flagellate 



Digitized b/Google 



H^MOPBOTBUa 61 

parasites of the red corpusclee have a developmental telatioDsbip with 
free-moviDg forms of the true Trypanosome type. 

The best subject for a first examiDation is Hamc^roteus noetua, 
nearly always present in the common owl. It is found with almost 
equal freqnency in other species of owl, as well as in the kestrel and 
goshawk, and ia present in singing birds (finches, larks, thrushes, 
crows, shrikes, &c.), though infection is here less to be relied upon. 

Typical free-moving Trypanosome forms are difficult to find, but 
the cell-parasitic, non-flagellate stages are very common. Of these, 
the following modifications have been described : — 

(1) Asexual forms, which are capable of a certain amount of 
amoeboid movement, and may, consequently, be more or less irregular 
in outline. They are sickel-, dumb-bell-, or bean-shaped, and throw 
out conspicuous knob-like projections at the poles. These are some- 
times frayed out and the organisms may then be mistaken foe fission 
forms. That the knob-like processes do not represent the first stage 
of commencing new organisms, but are merely protoplasmic processes 
endowed with amoeboid movement, is proved by the absence of 
anything in the nature of nuclear division. 

(2) Sex forms (gametocytea), which are incapable of amoeboid move- 
ment and in which the outline is more regularly bean-shaped, with 
equally rounded poles. Among these, two forms are distinguished : — 

(a) Female sex-forms (macrogametocytes), with a very much 
granulated protoplasm, which appears dark in colour. It takes on a 
comparatively darker shade when stained. 

(i) Male sex-forms (microgametocytes), with a hyaline protoplasm, 
pale in appearance, which stains a light colour. 

Among the structural peculiarities of Hamoproteus Ttoctua, the 
most conspicuous are the pigment granules enclosed in the plasm. 
These are crystalline in structure and dark brown to black in colour; 
their presence renders the first finding of the parasites a comparatively 
easy matter. They are the products of metabolism, and, for this 
reason, are more numerous in the slow-growing gametocytes than in 
the asexual forms. 

The pigment of Hcemoproteus, like that of the Plasmodia, is doubly 
retractive and should he examined with the aid of a polarizing 
apparatus. With a crossed Nicol's prism, the pigment grannies 
appear as bright points in the dark field. A very strong light upon 
the object is essential. 

The nuclear structure should next be carefully studied. As in the 
Trypanosoraes, two nuclei are present. The one a large, loosely built, 
principal nucleus, is situated in about the middle of the body, and 
stains red with Geimsa's stain. The other, a much smaller structure, 
staining violet with Giemsa, is placed close to the principal nucleus 
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and corresponds to the flagellar nucleus of Trypanosomes. Both 
nuclei are readily seen in the asexual forms and in the mactogametes. 
In the microgametes, however, the cticlear structure is more difficult 
of recognition, and this is especially the case with the full-grown 
organism. The nucleus will be found to have split up into eight doable 
nuclei, which are crowded together in the centre of the organism, and 
each one of which consists of a principal and a flagellar nucleus. 
From these, eight daughter microgametes are formed. 

Free-living forms should be sought for at night in the internal 
organs (liver, spleen, bone-marrow) of birds, the blood of which 
contains asexual forms in large numbers. According to Schaudinn, 
the parasite projects a flagellum and assumes a Trypanosome form 
under the following conditions : (1) During the six days' period of 
growth for the purpose of migrating from one red blood corpuscle to 
another (fig. 16). (2) At the end of the period of growth for the 
purpose of reproduction, this process consisting in longitudinal flssion 
repeated several times in quick succession. Multiplication by rapidly 
repeated binary flssion takes place in another species of Hmmoproteus, 
very prevalent in Brazilian doves. But in this instance it takes place, 
not during the free-living Trypanosome stage, but in the interior of the 
leucocytes, where numerous minute structures resembling Leiskmania 
are formed. These are likewise observed in the internal organs only, 
and are most frequent in the lungs.' 

As we have already stated, the processes of fertilization are easily 
followed in Hamoproteus. A drop of blood containing a large number 
of parasites should be diluted with a little water and examined 
immediately, either as an ordinary cover-class preparation or in the 
form of a hanging drop. 

The blood should not be diluted to such an extent that only single 
corpuscles are left in the field of vision, or the parasites will become 
dauiaged by the addition of so targe a quantity of water. Manson 
says that it is sufficient to breathe weU on the cover-glass before 
applying the drop of blood. The right degree of dilution is easily 
judged, however, after a little practice. Instead of water, Hartmann 
uses one part serum and nine parts 06 per cent, normal saline solu- 
tion, one drop of the mixture being added to each droplet of strongly 
infected blood. The real importance of this dilution is, obviously, 
the change which it brings about in the osmotic conditions. If 
undiluted blood is examined under conditions which permit of the 
access of air, the phenomena of fertilization wilt take place as the 
result, apparently, of the slow evaporation of water. But if undiluted 

' H. de B. Arajjo, " Ueber den Eiitwiclielungsgang und die Uebertragung von 
HjcmopT^feMjr columhcE" Arch. f. Protittenkjinde, vol. xii, parts 1 and 2, 1008, pp. 
154-167. 
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blood is examined under coaditions which do not permit of the access 
of air, these phenomena will not be observed. 

Temperature conditions are also a factor of importance. A 
temperature of about 20° to 25° C. is the most favourable ; tempera- 
tores of about 18° C. or under, and 30° C. or over, are unfavourable. 

The first point to observe in the Snisbed specimen, is the way in 
which the gametocytee become rounded and escape from the red 
corpuscles by bursting them open. lo the microgametocytes, active 
streamings of the protoplasm commence, which cause the knoblike 
plasmic process to appear and disappear, and which lead to the rapid 
formation of microgametes. These spring suddenly as long hyaline 
threads, four to eight in number, from the body of the parasite. They 
immediately commence violent thrashing movements, by which they 
finally succeed in freeing themselves from the parent organism, when 
they writhe away. In the meantime, though this is not so easily 
followed, a change has taken place in the macrogametocytes. This 
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Pio. 17. — Final stages of davelopment ol the sex-formg oF tbe parasite ot bumui 
molignaiil malaria [Laverania malaria or Flainutdium immaculaium). a, b, Famkle : 

consists in the reduction ot the nucleus, by which the macrogameto- 
cyte becomes a sexually mature macrogamete. The macrogamete is 
now fertilized by the agency of a microgamete. The copulation of 
the two sexual forms is followed by a period ot rest. Then, at a spot 
upon tbe surface of the new mdividual, a conical protruberance begins 
to appear, which gradually increases in size and from which, after 
a quarter to half an hour, the long ookinet proceeds, which moves by 
means of writhing movements forwards. The entire process may 
be observed inside three-quarters to one hour (figs. 17 and 18, 13 to J 7). 

The reproductive process can also be followed in fixed and coloured 
specimens. A number of glass slides are prepared with diluted blood, 
as described above, and placed in a damp chamber. They should be 
fixed singly and at suitable intervals. 

Under normal conditions the fertilization of Havtoproteus uoctuce 
takes place in the stomach of Culex pipiens. The arti6cial infection 
of the mosquito is successful, however, in only a small proportion of 
cases, and the operation requires so much time and patience that the 
method is of little use, either to the student or for purposes of 
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demonstration. We shall, for this reason, omit aay description of the 
comphcated developmentaJ stages which take place within the 
stomach of the mosquito. It is sufficient for the present purpose to 
state that the ookinets speedily develop flagella and assume the 
typical Trypanosome form. 

According to Hartmann, H. noctuts may be cultivated similarly 
to T. lewisi upon blood-agar (p. 5S). In the first twenty-four hours, 
single ookinets appear in the cultures. In the next few days, flagellate 
forms appear, simitar to those in the gut of the Cutex. 

Note : Leucocytoznon ziemanni. 

When examining the blood of owls or other birds of prey for 
Hamoproteus, it is by no means unusual to come upon the sex-forms 
of L, ziemanni. In a pale spindle-shaped envelope, which corre- 
sponds to the modilied periblast, and which is of about the same length 
as a red blood corpuscle, lies an oval plasmic body, which exhibits 
the same dimorphism in regard to structure of the plasm and nuclear 
conditions as the sex- forms of He^m^roteus. In its immediate 
vicinity is seen the nucleus of a red corpuscle, deformed to a dumb- 
bell shape by the depredations of the parasite. The parasite is of 
comparatively large size, and for this reason the eight double nuclei 
in the microgamete stage are more easily recognized than in 
Heemoproteus. 

(c) Babesia. 

The theoretic value of Babesia approximates to that of Hamo- 
proteiis, while its practical importance is considerable. Unfortunately, 
fresh material is difficult to obtain, but blood smears containing 
Babesia canis should be procured if in any way possible, as their 
examination is very instructive. The parasites will be found occupy- 
ing the red corpuscles, and their nuclear structure should be carefully 
studied. Although the flagella are absent, two nuclei are present, as 
in the Trypanosomes. The larger or principal nucleus stains pink 
with Romanowsky, while the smaller or flagellar nucleus takes on a 
more violent tone. The latter is readily discernible, as it is placed 
close to the pointed end of the more or less pear-shaped parasite. The 
formation of a flagellum from this nucleus has been observed only 
in cultures npon artificial media. 

(d) Plasmodia. 
Opportunities of examining the malaria parasite in the living state 
are rare in this country, but cover-glass specimens may sometimes he 
obtained. Multiplication by schizogony is usually synchronous in 
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all the parasites present in the hlood, and takes place shortly before 
the commencement of a feverish attack. For this reason, the life- 
history of the malaria parasite is to be followed only by examining 
specimens of blood taken at different stages of the disease. 

A species of Flasmodinm which is valuable for purposes of com- 
parison, 01 it may even be used for demonstration in place of the 
malaria parasite, is Proteosoma pracox, found in the blood of in- 
digenous singing birds, though it is less frequent than Hamoproteua 
noctu<B. It should be sought in sparrows, these birds being easily pro- 
curable in large numbers. Frequency of infection varies with the 
season and with the locality. Kuge found that from April to September 
was the most favourable period in Berlin, nearly 30 per cent, of sparrows 
being infected. Demonstration is rendered difficult by the fact that, 
after a short acute stage of infection, the parasites become so few in 
number that their presence cannot be proved by direct examination of 
the blood, but only by inoculation of control birds. Proteosoma may, 
however, be transmitted to canaries, and this factor is of considerable 
assistance in maintaining a stock of parasites once they have been 
found. 

The developmental stages are shown in lig. 18. The differentiation 
of the two sex-forms, both from one another and from the asexual 
form, is similar to that observed in Hainoprateus. The pigment 
granules in the plasma also resemble those of Hamoproteus and shoold 
be examined in the same way. The maturing of the sex-form may also 
in this case be watched under the microscope, but the Plasmodida do 
not attain to the ookinet stage under artificial conditions. 

It will be sufficient for the present purpose to describe those 
features in which the species vary and to which special attention 
should be paid by the student. 

The Proteosoma of birds differs from the human malaria parasite in 
that, shizogony not being synchronous, different developmental stages 
may be observed in a single blood preparation. It manifests, moreover, 
a double nucleation similar to that of Hamoproteus, having a large 
principal nwcleus which colours pale pink with Giemsa, and close to 
it a smaller nucleus which stains a dark violet and which corresponds 
to the flagellar nucleus of the Trypanosomes (fig. 19, b). At certain 
developmental stages, Proteosoma are furnished with a flagellum 
similar to that of the Trypanosomes (fig. 19, a and c). 

Of the human malaria parasites, the germ of malignant fever, 
Laverania malarieB, is distinguished from the others by its immature 
sex-forms, which have a characteristic crescent shape, (fig. 17). The 
benign tertian parasite (Plasmodium vivax, fig. 18) causes the affected 
erythrocyte to swell until it becomes larger than the normal. It 
forms 14 to 24 (generally 16) merozoites, and the entire developmental 
6 
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Fio. 18. — Diagram to illustrate the life-history of the human tertian puMlte, PIiu- 
modiumvivax. (After Liihe, (com Braun.) Magnification r J— J7, 1,200: 1. 18—27.600:1. 
1, Sporozoile. 3, PeDetration of the sporoioUe into a red blood cell. 3—4, QrowLh of (he 
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process of each asexual generation is completed in forty-eight bouES. 
The parasite of quartan fever (Plasmodium tnalarite) is smaller in size ; 
it does not caase the red blood cor- 
puscles to swell ; it forms only 6 to 
12, and generally 8, merozoites; end 
the asexaal form takes aeventy-two 
hours to complete its cycle. 

To cultivate the stages which 
develop in the mosquito, a tempera- 
ture of 25° to SC C. must be main- 
tained. Hnman malaria f^erms de- 
velop in Anopheles, and Proteosoma 
in Culex pipiens. A period of nine 
days is required for the eomplelion y,^ i9_P„„o«»«.,,r^. (ilta, 

of schizogony. Mosquitoes should Hutnumn.) a, Meroioile. &, Iluro- 
be examined by the method already |^^J^J? 3 2^ .^*°"**""'*- "**'"' 
described. 

Glass IV. T«losporidia. 

The class Telosporidia is composed of two orders, the Coccides 
and the Gregarines. They are closely related and are purely parasitic 
in their habits. The alternation of generation in the malaria parasite 
is so strikingly analogous to that which occurs in the Coccides, that 
the Hfemosporidea have always, up to the present, been included as 
a third order of the Telosporidia. They differ, however, in several 
essential particulars from these, more especially in the absence of 
enclosed sex-forms and in the motile character of the copula. 
Enclosed reproductive bodies (aporocysts or pseudo-navicellGs) , con- 
taining, rarely one and generally several, long, thin germs (sporozoites), 
are peculiarly characteristic of both the Coccides and the Gregarines, 
although the method of their development is not the same in the 
two orders. The Aggregata are usually classed as Gregarines, but 
it ia highly probable that they should form a third order of Telo- 
sporidia, quite distinct from the other two. For this reason the 
description of them is appended as a note to the Gregarines. 

aebiiont. S~B, Nuclear division within the schiiont. 7, Breaking up of the Bohisont 
into mecozoibeB. 8, Single merozoites, one of which (left arrow) entars a blood corpuBola 
and develops into a schtsonC (S — 7). After a certain period of inEection the Bex-forms 
develop : 9a — 12a, Maerogametocjteg. 9b— lib, Miorogainetooytea, If the maorogameto- 
cytes remain in the hlood-Btream of man, the; multiply by partbeDOgenesiB and form 
sohisodts {i3e—i7e). Below the dotted line the stages which take place in the gut of 
AnopheUs are shown : 13a— lia, Maturation o( the maarogametes. 13b— lib. Formation 
of the microgametes. tSb, A microgamata. 16, OopulatioQ. 17, Motile copula or 
"oAkinet." 18, Ookinet penetrating the intestinal wall of the mosquito. 19, Odkinet 
passing through, the epithelium. HO— 35, Sporogonj upon the outer surface of the intes- 
tinal wall. He, Passage of the sporozoites to the salivary gland. 37, Salivary gland oE 
mosquito containing spocozoitea. 



D,„i,.,db,Google 



PRACTICAL PABASITOLOQY 



Order 1. Cocddia. 



The Goccides are typical cell parasites and, in paj-ticnlar, parasites 
of the epithelial cells. The young free-living forms and the mature 
male sex-forms are actively motile, the latter being furnished with 
special organelles of movement in the shape of two flagella. In the 
full-grown stage the parasites are either oval or round. The cuticle 
is absent and there is no definite separation of the ecto- from the 
endoplasm. The developmental cycle always includes an cltemation 
of generation, but it is never associated with a change of host. 
Transmission to a fresh host is brought about by the agency of tb^ 
" oocysts," which are protected from external influences by a resistant 
shell (fig. 20, XV). Within the oocyst, by repeated division of the 
soft body, termed " spotogony," a number of " sporoblasts " are 
formed (fig, 20, iviii), which, in their turn, surround themselves 
with a secondary envelope or " sporocyst," and from which the 
" sporozoites " finally proceed (fig. 20, xix). After transmission to 
the intestine of a suitable host, the sporozoites emerge from their 
covering (fig. 20, sx) and penetrate the epithelial cells (fig. 20, il), 
where they develop mto "scbizonts" (fig. 20, iii-iv). The schizonts 
reproduce themselves by multiple division (fig. 20, m-iv), without 
previously encysting (fig. 20, v-vii). The products of this division 
are termed " merozoites " (fig. 20, viii-x) ; they either develop 
into schizonts and so increase the virulence of infection, or, if several 
asexual cycles have followed one another, they become immature 
sex individuals or " gametocjrtes " (fig. 20, si'-xi'', xii -xii''). The 
female germ, or "macrogametocyte," develops into the mature 
" macrogamete " by reduction of the nucleus without cell-division. 
The male germ, or "microgametocyte," by a process of multiple 
cell-division called " gamogony," forms numerous bi-3agellate 
" microgametes," which emerge, leaving behind a large residual 
body (fig, 20, xii^-xii"). The fertilization of a macrogamete by a 
microgamete (fig. 20, xiii-xiv) is followed by the formation of the 
" oocyst," which we took as the first stage in the developmental 
cycle. The oocyst is formed by the secretion on the part of the 
copula of a protective membrane, which hardens to form the oocystic 
shell ; or, where the macrogamete is already furnished with such 
a membrane, the hole or "micropyle," through the microgamete 
made its entrance, merely closes. 

The Coccides are parasitic in a large number of vertebrates, 
molluscs, and articulates. They are found in the intestine and its 
appendages as well as in the other excretory organs. The varieties 
most suitable for demonstration purposes are those found in the gut 
of Litkobius forjkatus, in the kidney of Helix nemoralis, and in the 
liver of rabbits. 
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(a) Goccidia found in the Intestine of lAthohim. 

L. forficatus, L., is a chestout-brown centipede, about 2 cm. ia 

length, composed of fifteen eegmentB, each of which is furnished with 

a pair of long and powerful legs. It is found under the bark of old 

tree-trunks ; it also occurs in the rotting wood of old stumps, in old 




Fta. 20.— DioRTam to illustrate the develapmaDtal cyoleof Eimeria sehttbergi (Schaud.), 
from the intestine qE Lithobiua. Desoription in (be lest. (After Sobaudinn, [rom Braon.) 

compOBt heaps, &c. ; and it is sometimes found underneath stones. 
Infection is most likely where centipedes are present in lar^e numbers. 
Examine for Coccides as follows : Cut off the head and tail seg- 
ments, when, by the strong contraction of the body muscles, the 
brownish gut will be protruded from the neck orifice and may he 
drawn out with fine tweezers. Any portions of the fat-body attaching 
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to it should be removed, and the intestiDe (which is so long that a 
fourth part wtU be Bufficient for demonstration purposes) teazed out 
in normal saline solution. The parasites will remain alive for a 
slightly longer time (two to three hours) if, instead of normal saline, 
the contents of the gut are diluted with the body secretion of the dead 
Lithobius, this generally suflicing for one preparation. 

If tbe centipede is infected, all the developmental stages charac- 
teristic of the Coccidia will be found in the gut. The asexual repro- 
ductive forms should be noted, as also the characteristic movements 
of the young forms or merozoites. These movements are : (1) Gliding 
movements, by which the merozoites move forward without any 
visible change of form and with their more pointed end in front. As 
in the Gregarines, a jelly-like peduncle is formed, which may be seen 
if a small quantity of sepia is added to the preparation. (2) Bending 
and stretching movements, which alternate with great regularity, the 
merozoite slowly doubling together and then stretching itself out with 
a jerk. (3) Contractions, in which a ring-shaped constriction, com- 
mencing close behind the hyaline anterior tip, travels slowly as a 
continuous wave of contraction along the entire length of the body. 

The living parasite should be studied with an oil-immersion lens, 
when the alveolate structure of the protoplasm will become clearly 
visible. If this is seen in the stained and coloured specimen only, it 
may be mistaken for an artificial effect. 

The merozoites differ from the sporozoites, which they otherwise 
closely resemble, in the possession of a nuclear caryosome. This 
caryosome is absent in all tbe stages of sporogony, as it becomes 
destroyed in the process of nuclear reduction which precedes fertiliza- 
tion. It does not again make its appearance until the sporozoites 
change into scbizonts. 

In addition to schizonts, sex-forms will be found where the infec- 
tion is not very recent. Under such conditions, if sufficient time is 
devoted to the study of the individual stages, it is sometimes possible 
to watch the maturation of the gametes and their fertilization under 
the microscope. The macrogametocytes and the macrogainetes be- 
come differentiated from the schizonts by tbe accumulation in the 
plasma of granular reserve material of a high refractivity. The micro- 
gametes, on the other hand, are easily recognized by their clear, close, 
small-meahed protoplasm. 

The identification of the different developmental stages is rendered 
difficult by the fact that three varieties of Coccides are found in the 
centipede, and they may all be present in a single host at one and the 
same time. Of these three varieties, one only, A detea ovata, undergoes 
sporogony in the intestine of its host, where oocysts in all stages of 
development may be found. They are oval in shape and develc^ 
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numerous " sporocysts," which have a disclike appearance. Each 
contains two sporozoites and a comparatively large residual body. 
Eimeria lacaaei is, like ^.oimfa, of comparatively common occurrence; 
it is distinguished by the oval form of its schizonts. E. schubergi, the 
echizonts of which are ball-shaped, is of rarer occurrence. Both the 
Eimeria, however, vacate their host soon after fertilization ; the oScysts 
when formed pass out in the fteces and sporogony takes place id the 
open. This process may be followed by keeping the live centipedes in 
flat glass dishes, the bottoms of which are covered with blotting paper 
over which cover-glasses are lajd. To keep the cover-glasses in place, 
well damp the blotting paper, otherwise they may be deranged by the 
movements of the centipedes. The droppings of infected animals ate 
generally somewhat soft and may be readily spread out on the cover- 
glasses and examined. 

Permanent coloured specimens are made by fixing cover-glass 
preparations of the intestinal contents in alcoholic solution of mer- 
curic chloride, staining with diluted beematoxylin, and differentiating 
vrith eoain. The most important point for observation is the structure 
of the nucleus. To study the effects of the parasites upon the intes- 
tinal epithelium, fix the entire gut unopened in alcoholic solution of 
mercuric chloride and cut in series. 

It is important to remember that, in addition to the Coccides, two 
large polycystic species of Gregarine are found, though not very fre- 
quently, in the gut of the centipede. 

(i) Coccidia found in the Kidney of Helix. 

Another variety of Coccides which is very readily obtainable is 
parasitic in the kidney of certain land snails. It is found in the 
common garden snails. Helix nemoralis, L,, and H. hortensis, Muell. 
Its frequency varies with locality, hut it is generally present in one 
out of several examples. 

The shell should be removed from the snail in small pieces with a 
strong pair of tweezers, one point of which is inserted between the 
mantle and the shell. The kidney lies lengthwise in the largest and 
lowest spiral of the visceral sac, and is easily seen on account of its 
superficial position and yellow colour. A piece should be cut off with 
the scissors and teazed out in normal saline or, better still, in a drop 
of blood from the snail. The resulting liquid will be found to have 
a milky cloudiness, due to the large quantity of opaque urinary con* 
cretions- These concretions are knobbly and irregular in shape, and 
are frequently enclosed in isolated, but otherwise undamaged, kidney 
cells. The parasites, which belong to the species Klossia helicina, are 
also frequently found in the host-cells, which become much enlarged. 
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Bolh the matare forme and the motile young forms should be studied, 
and the oocysts should be sought for. These, as in Adelea ovata, 
undergo the entire process of sporogony within the body of their host, 
.They are round in shape, and the soft body, which in the unicellular 
stage is known as a "sporont," divides into numerous sporoblasts 
which, by the secretion of an envelope, become changed into " sporo- 
cysts." These are likewise round, and within them five to six sporo- 
zoites are formed, leaving a small residual body. 

The early stages of the process of fertilization are more easily seen 
in Klossia than in the Eimeria, the copulation or merging of the 
gametes being preceded by a conjugation or transitory attachment of 
the immature gametocytes. It is only after conjugation has taken 
place that the microgametocyte, which is smaller than the macro- 
gametocyte, divides into four microgametes, one of which completes 
the fertilization of the macrogamete, which has, in the meantime, 
become mature by reduction of the nucleus. A similar process is 
performed by Adelea ovata in the intestine of Litkobius. 

Cover-glass preparations are made by passing a cut surface of the 
infected kidney under gentle pressure over a cover-glass. They should 
be fixed and stained in the same way as preparations of the Coccides 
of the centipede, Or thionin may be used for colouring, as it is par- 
ticularly successful in showing the granulations of the protoplasm. 

The examination of sections is very instructive. For these, the 
kidney should he fixed whole in alcoholic solution of mercuric chloride, 
or in Fleniraing's or Hermann's mixture. If the sublimate solution 
is used they should be coloured with htematoxylin, but with safranin 
after fixing with mixtures containing osmium. The epithelium of the 
kidney consists of a single layer of cells ; it projects from the kidney 
wall into the interior of the organ in numerous folds which are sup- 
ported by lamellse of connective tissue. These folds are arranged in 
such a way as to occupy the hollow space in the interior of the organ. 
The parasites are found in the enlarged cells of the glands, and they 
are generally united in groups. 

(c) Coccidia found in the Liver of the Babbit. 

The coccidtosis of rabbits is epizootic in its occurrence, and usually 
affects the young rabbits of a stock. As a general rule, only old 
healed-up knots are found in the livers of old animals. Infection is 
established in the case of the living animal by the presence of oocysts 
in the dung. Fresh material being somewhat difficult to obtain, it is 
generally necessary to rely on fixed and coloured specimens. 

The parasites invariably belong to one species, namely, Eimeria 
stiedm (Lindem.), and are found in both the liver and the intestines. 
The changes which take place in the liver are particularly interesting. 
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Iq the liver of the rabbit, the Coccides inhabit the gall-ducts, 
where they cause cystic enlargement, the swellings being visible to 
the naked eye as largish yellow knots. In the acute condition which, 
when infection is severe, may end fatally, these knots are taut and 
elastic to the touch. They are filled with a thin pns-like liquid which 
should be examined under the microscope, either fresh or as a smear 
preparation by the method given for the Goccidia of Litkobius. This 
liquid will he found to contain numerous parasites in various stages 
of schizogony. When the disease has passed its height, the cyst- 
contents become drier and more like crumbling cheese. 

The asexual forms are very numerous in the knots with liquid 
contents; in those with drier contents only encysted parasites are, 
as a rule, found. 

In the Uving state, the developing schizonts are easily distinguished 
from the epithelial cells which harbour them by their greater refrac- 
tivity. The multiplication of the nucleus, which precedes the multi- 
plication of the cell, frequently commences before the end of the 
period of growth. The resulting merozoites are more numerous than 
in the Goccidia of Litkobius and the details of schizogony are con- 
sequently more difficult of observation. The number of microgametes 
formed from each microgametocyte is also greater and the size of 
the individuals (which are actively motile) is consequently less. 

The macrogametocytes are easily recognized by the numerous 
granulations in the superficial layer of plasma, which, under certain 
conditions, may resemble small nuclei, similar to those which appear 
in the microgametocyte during the formation of the microgametes. 
The presence, however, of a large undivided nucleus in the interior 
of the macrogametocyte will prevent any confusion of the forms. In 
older growths, next to the encysted parasites, the macrogametocytes 
are the forms most frequently encountered. 

The immature macrogametocytes are ball -shaped, while the 
fertilized macrogametes assume an oval form. The oocysts, which 
are formed by the secretion on the part of the macrogamete of a 
doubly contoured envelope, are also oval in form. The next stages 
take place, not within the liver or intestine of the rabbit, but in the 
open air, oxygen being necessary to their further development. To 
follow these stages under the microscope, fteces or gall containing 
oocysts should be spread out in tbe air. Material taken from growths 
in tbe liver does not yield reliable results, as oocysts which are 
retained tor any length of time in the liver, become injured to such an 
extent by the large amount of carbonic acid which it contains, that 
they lose their power of development and become degenerated. In 
the gall-bladder of rabbits suffering from coccidiosis of the liver, a fine 
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sandy deposit is found, which is composed entirely of numerouB oocysts. 
If normal oocysts are spread out in shallow dishes with a small 
quantity of gall, the developmental process will be continued. The 
oocysts will divide into tour sporoblasts which, by the secretion of 
an envelope, become changed into " sporocyats," from the interior of 
each of which proceed two sporozoites. This developmental process, 
which is complete in about seventy hours, may he followed under the 
microscope by isolating single parasites and keeping them in a damp 
chamber. To prevent decomposition a small quantity of thymol may 
be added to the material, or it may be treated in the first instance 
with 4 per cent, solution of potassium permanganate; owing to the 
extreme impermeability of its shell, the developmental capacity of the 
oocyst will remain unimpaired. The final emergence of the sporozoite 
from the shell ia due to the infinence of the pancreatic secretion. 
This may be proved by treating oocyata containing perfect sporozoitea 
with a preparation of pancreas. The best extract for thia purpose is 
pancreatin (Dr. Gr. Gruebler and Co., Leipzig), a small quantity of which 
should be dissolved in a few cubic centimetres of water, containing 
JQst a trace of aoda. Both oocyst and sporocyst are furnished with a 
micropyle, which opens under the influence of the pancreatic secretion 
and out of which the sporozoite glides.^ In the Eimeria of the centi- 
pede, the oocyst alone possesses a micropyle through which the 
sporozoite escapes, while the envelope of the sporocysta is bivalved 
and opens under the influence of the gastric secretion. 

Cover-glass preparations of the Coccidia of rabbits are made in the 
same way as those of the other Coccidia. It is not possible, however, 
to get satisfactory results with the staining of encysted parasites, 
owing to the extreme impermeabiUty of the oocyatic envelope. When 
staining with iron-heematoxylin, counter-atain with Bordeaux red ; 
by this means the nuclei vnll become black, while the granulations 
of the macrogametes, which otherwise are difficult to distinguish 
from the chromatic elements, are coloured red. 

Sections of coccidial lesions from the liver of rabbits have a special 
interest, because they show the manner in which the organ becomes 
pathologically changed. The growths should be cut out and fixed 
whole in alcoholic aolution of mercuric chloride, and sections should 
be atained singly with hiematoxylin and eosin. It will be seen trom 
these sections that the growths are due to pronounced local prolifera- 
tion of the infected gall-ducta, which become cystically enlarged, and 
into the lumen of which numerous folds of proliferated wall-tiaaoe 
project. The oocysts of Coccides are found free in the interior of the 

' For hirther debdla, see R. Metzner, " Ontersuchungen an Cocoidiom cnnicnli," 
Arch. f. PTotialenkande, vol. ii, 1908, pp. 18-72. 
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growth, while the other developmental stages occur in the epithelial 
cells. 

Old heaied-up scars are also very instractive. The moBt striking 
appearance is the extreme proliferation of the connective tissue, by 
which the tumour contents have become destroyed. As in the case 
of other old parasitic foci which have become destroyed by encystiug 
with connective tissue, calci6catioo ensues. The only remaining 
traces of the parasitic invasion arc the shells of dead oocysts. 

The same species of Coccidium is met with in the small intestine 
of the rabbit, where it is likewise parasitic in the epithelial cells, 
and gives rise to violent diarrhcea. Diarrhoea, in combination with 
emaciation and loss o( appetite, is very suggestive of coccidial infec- 
tion, the presence of oocysts in the fffices establishing the diagnosis. 
Eimeria stieda is found not only in the rabbit, but also occasionally 
in man, as well as in different domestic animals (cattle, horses, goats, 
swine). In cattle, it usually inhabits the large intestine and the 
rectum, and gives rise to a disease known as red flux. The condition 
is ELCCompanied by blood in the fceces, and it appears euzootically in 
the summer and autumn among cattle on high-lying pastures in 
Switzerland. 

A similar parasite, E. faleiformu (Eim.) which, like E. stieda, 
forms only a small number of merozoites, is parasitic in the house- 
mouse. It is generally found in the intestine, more rarely in the 
liver. 

Another Coccidium, Tsospora bigemina (Stiles) is found in the 
intestine of cats and dogs. The oocyst of this parasite contain, not, 
as in Eimeria, fonr sporocysts with two sporozoites each, but two 
sporocysts with four sporozoites each. 

(d) Pseudo-coecidiida. 

Before leaving the subject of the Coccidia, it is necessary to 
issue a note of warning to the student as to the caution with which 
hia investigations must be pursued, for there is no class of the 
Protozoa in connection with which mistakes are so likely to arise. 
It frequently happened, formerly, that stages of Coccides were mis- 
taken for the eggs of Helminthes. Now, however, that the parasitic 
Protozoa are receiving so large a measure of attention, the tendency 
is to discover Coccides where none are present. Eggs of Nematodes 
and of Distoma have frequently been mistaken for Coccidia, the 
commonest errors being in the case of Distoma turgidum, which forms 
tumour-like swellings at the pylorus of the frog, and D. pellucidum, 
which is occasionally found in the albumen of hens' eggs. Even the 
calcified body of a Cysticercus has recently been mistaken for a 
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Coccidium, and this in spite of its coaceDtric stratification and 
compact non-cellular structure. Similar errors have been made by 
reporting the presence of Coccidia in the sweat - glands of swine 
Buffering from the so-called Schrotausschlag.' Errors such as these 
show the necessity for caution, though where the details of techniqne 
are faithfully carried out they are unlikely to arise. Schaudinn's work 
on the Coccidia of Lithobius will be found a valuable aid to the study 
of Coccidia in general.' 

Order 2. Gregarinida. 

Gregarines occur exclusively in the invertebrates. They are 
generally long, but may be oval, in shape. In their young stages 
they are wholly or in part cell parasites, but the older forms live free 
in the hollow organs (gut, body cavity). They are motile in both the 
young and the adult stages. Unlike the Coccides, they possess a 
cuticle, and there is a marked dififerentiation between the ecto- and 
the endoplasm. Their life-history rarely (Schizogregartnes) includes 
an alternation of generation and never a change of host. The body 
may be homogeneous (monocysts), or it may be separated, by means of 
a membrane thrown out from the ectoplasm, into two divisions, which 
are placed one behind the other (polycysts). The best subjects for 
preliminary study are the monocysts oE the seminal vesicles of the 
earthworm, and the polycysts of the intestine of the mealworm. 

(a) Gregarines of the Earthworm. 

The mature cysts of G-regarines are nearly always present in the 
seminal vesicles of large earthworms. Young cysts and the free 
Gregarine forms occur with less regularity, though they generally 
make their appearance in the spring and are rarely absent in about 
the month of May. 

Earthworms are prepared as follows : The worm is stretched out 
in a shallow dish with its darker dorsal aspect uppermost. The body- 
tube is split at the anterior end with a sharp scalpel along the middle 
line, and, after separating it from the intestinal canal by severing the 
septa, it is turned back and pinned down. Three pairs of large 
whitish-yellow bladders lying between the 11th and 13tb segments 
will then become visible. These are the seminal vesicles. A small 
portion should be cut off with the scissors and its contents diluted 
with a normal saline previous to examination. 

' M. Ltihe, " Ueber den Schrotausschlag der Schweine und das Bogenannte 
'Coccidium fascum,'" Centraihl. f, Bakt, u, Paratkde., part i, vol. zxix, 1901, 
pp. 693-698. 

■P. Schaudinu, " Zoolog. Jahrb.," Abt. f. Anat., vol :tui, 1900, pp. 197. 
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The coDtents of the semitial vesicle will be found to consist almost 
entirely of seminal cells and mother-cells in different stages of develop- 
ment. Among them, Gregarine forms, both encysted and free, will 
be seen in large numbers, though the free forms may be absent 
altogether. 

Several different speeies of Gregarine are parasitic in the seminal 
vesicles of Lumbrietis terrestris, L. (also known as L. kerculeus, Sav., 
and L. agrieola, Hoffm.), the largest of our native earthworms. Of these 
very little is known, but it is certain that they all come under the 
heading of monocysts. The species most frequently encouDtered is 
Monoeystis lumbriei (Henle), better known as M. agilis. Stein. On 
account of its extreme motility it makes a very 
good subject for examinatioii. Although very 
small in size, measuiiog only about 0'2 to 03 mm. 
)D length, its comparative opacity renders it 
easily discernible with a low power lens. 

The living Gregarine shows a marked differen- 
tiation of the granular endoplasm from the hyahne 
ectoplasm. At the margin of contact there is a 
single layer of very fine, closely packed, spincter- f,q, ^i.—Umocy>ti» 
muscle SbrlllsB, while the body surface is covered f""'*^^ (Henle) in 
with a thin cuticle in which a fine longitudinal moyement. Magniflad 
striation is discernible. ^ji.( Alter stain, from 

Bending and gliding movements are rarely per- 
formed by the free-living forms. The most conspicuous motile pheno- 
mena are the contractions, which give rise to lively streamings o( the 
endoplasm, the granulations streaming away from one end of the body, 
which swells out and becomes club-shaped, while the opposite end 
becomes proportionally thinned. Then, almost without perceptible 
pause, the process is reversed and the streamings run in the opposite 
direction, accompanied by a corresponding change of body shape. By 
this process, the bladder-shaped inner body which contains the nucleus 
is tossed from end to end, scarcely remaining stationary at all. 

The first stage of reproduction consists in the association at their 
anterior ends of two Gregarines, which then proceed to surround 
themselves with a common cystic membrane. This process is rarely 
observed directly, but the young cysts, which are round in shape, are 
always to be found in the month of May. In them the two Gre- 
garines are seen to lie side by side but quite distinct from one another ; 
they are contracted into balls and do not touch the cystic envelope. 
In a later stage, each of the two Gregarines undergoes reproduction 
independently of the other, this process resulting in the formation 
from the peripheral layer of a number of little daughter-cells. In 
the mature cysts numerous spindle-shaped " pseudo-navicellse " are 
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formed and these contain sporozoites within a. somewhat resistant 



The 6ner stractural detail? of the plasm and nucleos are beat 
observed in cover-glass preparations, which shonld be fixed in 
alcoholic solution of mercuric chloride and stained with hieiuatoxylin. 
The manner in which the bladder-shaped nucleus becomes dissolved 
after encystment is seen in quite young cysts. The greater part of 
the nucleus, with the exception of the caryosome, perishes. It 
becomes broken up and absorbed by the plasma, a small portion of the 
vegetative nucleus being used to form a sex-nucleus, which divides 
repeatedly by mitosis. The more minute details of these nuclear 
changes ate, however, only to be seen in sections. The pseudo- 
navicellee, moreover, do not stain well in cover-glass specimens, even 
though the utmost care be taken to spread the cyst contents in the 
thinnest possible smear upon the glass. 

Sections are cut &om the entire seminal vesicle, which should be 
fixed whole in alcoholic solution of mercuric chloride. They are best 
stained with hsmatoxylin and should be connter-stained with eosin ; 
or iron-hcematoxylin may be used. In sections prepared in this 
manner, the further stages of the reproductive process may be 
observed. In both Gregarines numerous little nuclei, which are the 
ultimate products of repeated division, wander to the periphery of the 
parent, where they each surround themselves with a layer of denser 
plasma. At the same time, the principal part of the plasmic body of 
both parents becomes markedly alveolar and undergoes obvious 
degeneration. In a later stt^e, the little daughter-cells become com- 
pletely separated from the central plasmic body. These are the 
gametes, the slightly dissimilar offspring- of the two parent Gregarines 
which originally combined to form a common cyst. The gametes of 
the one parent are a little larger than those of the other, and they 
contain a somewhat larger nucleus, which is, however, not quite so 
rich in chromatic contents as that of the smaller gametes. These 
gametes then fuse in pairs ; and — -as the process commences with the 
fusion of the plasmic substance, the nuclei remaining separate for a 
time — it is easy to see, by the difference in size of the two nuclei, that 
copulation always takes place between two dissimilar gametes, the 
oE^pring in the first instance of different parents (fig. 22). 

In the Gregarines of the earthworm, the difference between the 
two gamete forms is so slight that it requires the most careful observa- 
tion to distinguish them. Thus in one species, the smaller gametes 
measure 3'5 fi in width and 4 /t in length, their nuclei having a 
diameter of 1'5 ft, while the measurements of the larger gametes are 
4'5 fi, 5 ft, and 2 /i respectively. In certain polycystic varieties the 
sex dimorphism is much more pronounced. 
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After the fusion of the gametes, tbe copula assumes a spindle 
fonn and secretes an envelope, and in this stage it is known as the 
pseudo-navicella. Within the pseudo-navicella eight sporozoites are 
formed, the result of repeated nuclear division, accompanied by division 
of the cell (sporogony). These lie in the long diameter of the pseudo- 
navicella and are arranged in such a way that their nuclei ate all 
congregated in the bulging central portion of the spindle. At a first 
glance, the Bpoiozoites appear also to be long and spindle-shaped and 
to have the nucleus in the centre of the body. But it will be found 



9' 



Fio. S2. — MoTtocyitis from the semJDal vasiclsB of the earthworm, a, Cyeta, dniing 
tbe formation of gametes (gamogony), b, Microgamete. c, Maorogamete. d. Copula, 
before tbe fosion of the ouclei. e. Copula, duricg fusion oE the nuclei. (After Biazil.) 
Magnified, a, 600 ; 1 ; b-d, 1,200 : 1. 

upon closer investigation that the nucleus is always placed at one pole 
of the sporozoite, and that all the blunt nucleated poles occupy the 
centre of the pseudo-navicella, while the pointed anterior poles run off 
into its two ends. 

The pseudo-navicellffi vary in size in earthworm Grregarines of 
different species, their length varying from 0015 mm. to 0'028 mm. 

(6) Gregarines of the Mealworm. 

Of the polycystic Gregarines, those most readily obtainable are the 
varieties parasitic in the larvte of Tenehrio molitor, the mealworm, 
largely cultivated as food for birds. Four such varieties are recog- 
nized and, in spite of their similarity and the fact that they are found 
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side by side in the same intestine, they are readily distiuguishable 
from one another. 

(1) Gregarina polymorpha (Hamtnerscbm.)) Stein. — Cylindrical; 
without constriction at the junction of proto- and deatomerite ; round 
nucleus ; ovb.1 cysts ; size, np to 0'35 mm. in length and O'l mm. in 
breadth, 

(2) G. cuneator, Stein. — Of about the same size as G. polymorpha; 
constricted at the junction of the proto- and deutomerite; the pcoto- 
merite is thickened at its rounded anterior end and thinned into a 
kind of neck where it joins the deutomerite, while the latter is 
thickened at its posterior end into a blunt cone; nucleus round p 
cysts oval. 

(3) G. steini, Bemdt. — Much rarer than the first two varieties ; 

in size, only up to 015 mm. 
in length, and 004 ram. in 
breadth ; spindle-shaped, taper- 
ing into a long coue at the 
hinder end ; nucleus oval ; cysts 
oval. 

(4) Steinina ovalis (Stein), 
L^g. and Dub. — The smallest of 
the four varieties, and for this 
reason the one most frequently 
overlooked ; it never exceeds 
about 01 mm. in length and 
0'045 mm. in breadth ; the 
deutomerite is broad and egg- 
shaped ; the protomerite is 
short and cylindrical, ending in 
a more or less sharp point; 
nucleus round and compara- 
tively large ; cysts round or oval, about 01 mm. in diameter and 
without sporoducts. 

All four of these varieties are very fairly frequent, and one of them 
is certain to be found after examining two or three mealworms. 

The intestine of the mealworm is prepared and teazed out in the 
same way as the intestine of the centipede. The fat-body of the meal- 
worm is, however, very much more developed than that of the centi- 
pede and care must be exercised to remove every particle of fat before 
teazing out the intestine, or the specimen will be cloudy. The 
Gregarines, which are usually present in large numbers, are easily 
seen with a low-power lens. Their movements rarely take the form 
of contractions ; they are, rather, a species of gliding movement, which 
is performed, however, without any perceptible change of form. 



Fio. 2S.— Oregarines from the gut of tha 
me&lwoTm. (After Betodt.) a, Qrtgarina 
cimeaCa. b, Qregarina polymorpha. c, Ore- 
garina sltim. d, Steinina ovalU. Magnified, 
a and 5, 100 : 1 ; c and li, 330 : 1. 
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To follow these movements, a small quantity of sepia should be 
added to the fluid in which the specimen is teazed out ; oi; the 
Giegarines may be examined in normal saline solution in, which either 
Indian ink or carmine has been mbbed down until a black or deep 
red colour is obtained. As they move forward, the Gregarines will 
then be seen to leave a light track which shows up clearly in the 
darker medium. With a strong lens, in the interior of this light 
track long rows of colour granules may be seen, which appear to be 
clinging to the surface of a fine hyaline thread. These strings of 
grannies sometimes appear to unite to form bundles. 

This phenomenon is explained by the fact that, when in motion, the 
Oregarinea secrete thin homogeneous threads of a sticky gelatinous 
substance, which cling together at the hinder end of the organism 
to form a sort of stalk. The refractive index of these threads corre- 
sponds BO completely to that of the normal saline solution that, until 
the colour grains are added, they are not directly distinguishable 
from it. They may, however, be rendered directly visible in the 
following manner : A carmine preparation containing Gregarines is 
put into a damp chamber for about two hours. The gektinous stalks 
of the moving Gregarines will then become so long that they may 
be perceived with a low-power lens or even with the naked eye. All 
the grains of carmine, with the exception of those clinging to the 
threads, are now removed by carefully washing out the preparation 
with clean normal saline. This is done by adding fresh liquid at one 
edge of the glass while the coloured fluid is drawn off from the 
opposite edge by means of Alter paper. By this means, the stalks 
become isolated and may now be stained with methyl-violet, though 
they should first be fixed in alcoholic solution of mercuric chloride 
In changing the liquid, the flow should correspond as far as possible 
with the direction in which the GregariD«s are moving, as their 
delicate stalks may otherwise be damaged. 

The structure of the living Gregarine should now be carefully 
studied. The cuticle will be found to be thicker, and the hyaline 
ectoplasm thinner, than in the monocystic Gregarines of the earth- 
worm. There is the same fine, longitudinal stiiation of the cuticle; 
and circular muscle-fibrill%, arranged somewhat farther apart, are 
also present between the ecto- and the endoplasm. With a high- 
power lens, a light homogeneous layer becomes visible between the 
cuticle and the ectoplasm, which is subject to considerable variation 
in thickness and is usually most clearly discernible during the forward 
gliding movements. This is the slime-secreting layer, and from it, 
during movement, gelatinous secretion is conveyed by means of longi- 
tudiuEil slits in the cuticle. The endoplasm contains a varying 
proportion of round granules of high refractivity. In the larger 
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Gregarines, these granales are so nnmeroae as to render the organism 
quite opaque, the nucleas showing only as a lighter spot. In the small 
varieties, on the other hand, the granular contents are frequently 
BO insignificant that the transparency of the protoplasm is unaffected 
by them. In the latter case, however, the endoplasm is readily 
distinguished from the hyaline ectoplasm by its coarsely-meshed 
structure. The endoplasm is not homogeneous, the body of the 
Gregarine being divided into two parts, placed one behind the other, 
and this division is frequently apparent in the external straeture. 
The anterior portion, or protomerite, is considerably 9borter than the 
posterior portion, or deutoraerite, which contains the bladder-shaped 
nnclena. The two portions are separated by a divisional wall, 
which cuts through the endoplasm and is formed entirely from the 
superficial layer of the ectoplasm, with which it ie continuous. 

Gregarines are frequently seen 
^" joined together in pairs, the hinder 
"■ end of one being attached to the 

anterior end of the other. More 
rarely groups are formed, several 
(two to three, very occasionally 
four to five) small individuals be- 
ing attached side by side to a 
larger one. 
<?. E. It is rarely possible to follow 

Fio. 24.-o«3anni m«n«rt Schneid directly the process of encystment. 

from the gut of a leaf beetle {Chrysomela ^ ' '^. i_ ■ i 'i. u 

htemoptera). Portion of the suclace, Cu.. IwO tireRarmes, which have be- 

cuticla. E., EotopUsm G , siime-i«yer. ^.^^^ attached in the manner just 

«j.,Myonemea. Magiiifleci,l,500;l. (After , ., , , , ■• 

Sohewiakoff, from Bnu.i.) described, proceed to perform rota- 

tory spiral movements round one 
another, at the same time secreting a slimy envelope. As in the 
monocysts, the two parent Gregarines are seen lying rolled up in the 
young cyst. The young cysts inhabit the hinder end of the gut of the 
mealworm and are not very frequently encountered, though when 
found they are usually present in large numbers. 

The further development of the cysts takes place, not in the 
intestine of the host, but in the open. The cysts should be isolated 
under the microscope and put into a damp chamber. This procedure 
complicates the technique, as moulds are very likely to form. Such 
a contingency is only to be avoided by the exercise of scrupulous 
cleanliness, the maintenance of control specimens, and the immediate . 
removal of commencing growths. The developmental phenomena 
closely resemble those of the monocysts. A eex dimorphism in the 
gamete stages of Gregarina has not been observed. The cysts of 
this species differ, however, in possessing canal-like depressions in 
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the cyst-wall. These are the sporoducta through which, in the ripe 
cyst, the spores are evacuated, the canals becoming everted in the 
process. 

In place of the Gregarines of the mealworm, the following varie- 
ties may be used for observation purposes : G. blattarum, which is very 
similar and is found with great frequency in the common cock- 
roach ; or G. ovata, which is egg-like in shape and compact in 
structure, and is found in the earwig, Forficula auricularia. In 
these varieties the epimerite, 
which is placed in front of 
the protomerite and by means 
of which the young Gregarines 
fix themselves in the intestinal 
wall of their host, is button- 
shaped and only slightly de- 
veloped. Interesting modifica- 
tions in the structure of the 
epimerite are seen in the 

varieties of Gregarine which Pia. ^.—Oregarina blattarum in thoprooBBB 
inhabit the intestinal tracts of encysting. (After BatBohli, from Braun.) 

of Lithobius and of the larvee 

of Agrion. Those found in the Agrion larva are particularly well 
worth studying. These larvce are prevalent in our fresh-water spaces ; 
they are easily recognized by their slender form and by the possession 
of three free, leaf-shaped tail-gills. 

The study of fresh material should be supplemented by the 
preparation of cover-glass specimens and of sections. In transverse 
sections of the adult parasite, the cuticle will appear serrated at the 
edge. This is due to the longitudinal striation, so eminently charac- 
terestic of the order. The circular muscle-fibrillee are seen in super- 
ficial longitudinal sections. Sections from the whole intestine are 
useful in identifying species ; they also show the manner in which 
the Gregarines attach themselves to the intestinal wall of their host.' 



Note : Aggregata. 

The Aggregata are a class of the Telosporidia. They resemble 
the Coccidia in possessing no cuticle and no definite separation of 
ecto- from endoplasm, hut in all other ways they approximate very 

' A more detailed description of the cytology of the GregarineB of the mealworm 
ia given by S. KuschiJiewitsch, " Beobachtungen iiber vegetative, degenerative u. 
genninative Vorgangebei den Oregarinen dea Mehlwuroidarmee,'' Arch, f Protitlen- 
kunde, suppL i, 1907, pp. 202-249. 
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closely to the Oregarinea. They differ from both 'Cocciclia and 
GregariQes, however, in that the alternation of geaeration, which is 
an essential feature in the Ufe-history of all three orders, is, in the 
case of the Aggregata, associated with a change of host (from the 
cuttle-fish to the short-tailed crab). The relationship between the 
stages found in the two different hosts has only recently been estab- 
lished. The parasites of the crab were formerly known as Aggregata 
and were classed with the Gregarines, but the stages found in the 
cuttle-fish were mistaken for Coccidia and received the name of 
Eucoceidium (or Benedenia). Later authorities have preferred to 
class the Aggregata with the Gregarines, but in view of their dis- 
similar life-history it is doubtful whether this method of classification 
is justified. 

Crabs (Carcinas manas, Portunus depurator, P. corrugatus, 
Pmnotlieres pisum, Eupagurus prideauxi, &c.) become infected by 
the ingestion of cysts which have been excreted by cuttle-fish, and 
which release their sporozites under the influence of the gastric 
secretion of the crab. The sporozoites then penetrate the intestinal 
wall and come to rest in the sub-epithelial layer, where they grow 
rapidly larger. They form wart-like swellings upon the outer layer 
of the gut, similar to those produced by the malaria parasite in the 
gut of the mosquito. Their aubaequent multiplication also somewhat 
resembles that of the malaria parasite. Kumberless daughter-nuclei 
are formed by repeated mitotic division of the nucleus, and, at the 
same time, the plasm splits up into several largish portions. The 
daughter-nuclei move to the surface of these plasmic bodies, and there 
surround themselves with a small quantity of the plasma. They are 
now " new cells " or merozoites, and, like the sporozoites of the malaria 
parEisite, they release themselves by violent longitudinal jerks from the 
plasmic masses, which remain as residual bodies. 

The further development of these merozoites takes place within the 
gut of the cuttle-fish (Octopus or Sepia), by which the crab harbouring 
the parasites is devoured. Here, also, the merozoites bore their way 
into the intestinal wall, where they usually come to rest in a cell of 
the submucosa, and where they develop into the large immotile 
gametocytes. The female gametocyte^ is richer in reserve material 
than the male. It is also, as a rule, much larger, the diameter in 
Aggregata legeri, from Octopus, measuring 0'26 to 03 mm. The 
nucleus is strikingly large and may measure as much as O'l mm. 
in diameter. 

■ Ab the outcome of SJedlecki's experimeuta they have always, np till now, baen 
regarded as the macrogametea of the so-called Eaeoccidium. The organism was 
believed to encyst, the presence of a membrane-lilte attachment from the hoat-oell 
lending support to the euppoeition. 
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The chromatic contents of this nucleus now become very much 
reduced. The nncleus breaks np and the first spindle is formed from 
a miuate quajitity of the original chromatin. Numerous daughter- 
nuclei are formed, the result of repeated mitotic diTJsion, and these 
distribute themselves over the periphery of the parasite. The entire 
organism becomes irregularly wavy in form, owing to the formation 
of deep folds in its surface. Each nucleus surrounds itself with a 
portion of the parent plasma, bo that, finally, the entire organism splits 
up into numerous pear-shaped female gametes which, formerly, were 
regarded as eport^lasts. There is no residual body. The nuclear 
changes differ slightly in the male gametocyte. They result in the 
formation of numerous microgametes, which carry two firee flagella 
at their anterior end. These microgametes are long and narrow in 
shape, those of Aggregata spiTwsa measuring 1 mm. in length, while 
they rarely exceed 0003 to 0005 mm. in thickness. Fertilization has 
not been directly observed. It is certain, however, that the process 
of fertilization is followed by the encysting of the copula, which then 
divides within the cyst into a varying number of sporozoites (three to 
four in the varieties parasitic in Sepia, eight to twenty-four in those 
found in Octopus). The ripe cysts containing spores are passed out 
of the body of the octopus in the fceces, and the sporozoites are not 
released until the cysts reach the intestine of a suitable species of crab. 
The older notion that the spores were released within the gut of the 
octopns has proved erroneous.' 

The Aggregata are, for many reasons, a particularly interesting 
group. They illustrate very clearly the necessity for extreme caution 
in tracing out the developmental history of Protozoans. The descrip- 
tions of the so-called Eucoeeidium, which are to be found in all text- 
books, are absolutely misleading because they are founded upon 
insufficient and incorrect data. -In spite of the care with which 
Siedlecki conducted his investigations, they are yet incomplete in two 
essential points. He was unable to observe directly either the process 
of fertilization or the release of the sporozoite, and the gaps were filled 
from the life-history of the Coccidia, with which class the organism 
was at that time thought to have points of resemblance. 

Fresh material and cover-glass specimens should be prepared, and 
sections in series will also be found very instructive. 



' Th. MorofF, '' Die bei deo Cephalopoden vorkomtueDdeu Aggregata- Arten ale 
Qnmdtage einer kritischen Studie iiber die Fbyaiologie dea ZeUkerae," Arch. f. 
ProtUtenkunde, vol. xi, 1908, pp. 1-224; L. Liger et O. Dubosq, "L'Evolution 
BChizogonique de TAggregiita (Eucoocidium) eberthi (Labb^)," ibid., vol. lii, 1008, 
pp. 44-108. 



Digitized b/GOOgIC 



PRACTICAL PABASITOLOQT 



Class y. CUlAta. 



The "Filamented Infasoria," or Ciliates, ate so called on accotmt 
of the pecnliar nature of their organelles of movement. They are to 
be distinguished from the Eub-class Sactoria, which have no practical 
interest and will not be described here. The motor appendages, oi 
" cilia," are present in very large numbers in the Ciliates, and the 
method of their arrangement is used as a basis for classification. In 
addition to tbeir locomotor function, they serve also as organelles of 
nutrition and, like the whips of the Flagellates, they are attached to 
the ectoplasm by means of basal structures. The superficial layer 
of the ectoplasm is hardened to form a definite cortex or pellicle, 
which assures to the parasite constancy of form. As a rule, food is 
ingested by the agency of & special oral part (cytostome), from which 
a canal of varying length (cytopharynx) leads into the endoplasm. 
A special anal part (cytopyge) is frequently present, by means of 
which undigested food remnants are excreted by the organism. As 
a rule, one or more contractile vacuoles are present, and, unlike the 
other classes of the Protozoa, they are present in both the parasitic 
and non-parasitic varieties. The number and position of these con- 
tractile vacuoles varies in different species, but never in individuals 
of the same species. The Infusoria, both Ciliates and Suctoria, are 
characterized by the possession of two nuclei, which differ in shape 
and in function. The larger is known as the macronucleus, and the 
smaller as the micronucleus. The latter is the sex nucleus, and plays 
an important part in the process of reproduction (see text-books of 
Zoology). Only one nucleus of each kind is present, as a rule, though 
this is not invariable. The Opalina are the only members of the 
Ciliate class which do not present this nuclear dimorphism. The 
Ciliates almost invariably multiply by simple binary fission, though 
Ichthyophthiriiis (seep. 91) is an exception to this rule. The organism 
encysts as a protective measure in case of dryness or other unfavour- 
able external condition, and it is probable that, in the case of the para- 
sitic varieties, infection is conveyed at this stage of their development. 

The Ciliates vary very much in general form. To obtain an 
adequate idea of their extreme diversity, the student should extend 
his observations to the non-parasitic varieties. Free-living Ciliates 
are to be found in every pond, and abundant material may be obtained 
by pouring water over a little fresh hay and allowing the infusion to 
stand for one to three weeks. The extreme motihty oE the organisms 
may be reduced by adding a small quantity of carragheen to the 
water, when they may be examined singly with the aid of a strong 
lens. Both the arrangement and the movements of the cilia should 
be observed, as well as the regular pulsation of the contractile 
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yacnoles. The manner in wbich nutriment is taken up may be seen 
by robbing down a little powdered carmine in water and adding it to 
the medium in which the organisms are examined, which should 
not, in this instance, be thickened with carragheen. A good deal 
is to be learnt from the living organism when stained with neutral 
red. The arrangement of the cilia is an important factor in deter- 
mining species.' 

The Infusoria are best fixed with alcoholic solution of mercuric 
chloride or with osmium vapour. In the latter case the material is 
placed upon a cover-glass, which is held inverted over a vessel con- 
taining osmic acid until the parasites turn brown. The cilia may now 
be coloured with Scbuberg's modification of LofBer's fiagella stain. 
The objects are immersed in a mordant mixture, consisting of 10 c.cm. 
of a solution of 20 gr. tannin in 80 c.cm. distilled water, 5 ccm. of a 
saturated solution of ammonio-sulphate of protoxide of iron, and 
1 com. of a watery or alcoholic solution of wool-black. They are 
put into a damp chamber for half an hour to one hour, and are after- 
wards washed in water and absolute alcohol. They are stained 
{half an hour to one hour) in a concentrated solution of fucbsin in 
aniline water, to which a ^ per cent, solution of soda has been added 
in a quantity sufficient to start precipitation. Specimens must be 
cleared in xylol, as oil of cloves will spoil the colour. They should on 
no account be dried by the methods employed for bacteria ; the entire 
process must be carried out wet, the different liquids being changed 
by means of filter paper introduced between the cover-glass and the 
slide.* 



(a) Infusoria found in the Intestine of the Frog. 

Some of the most interesting of the parasitic Infusoria inhabit the 
large intestine of the frog. The abdominal cavity of a freshly-killed 
frog should he opened, and the short, .thick, terminal portion of the 
intestinal canal should be freed and cut open. A small quantity of its 
greenish contents is removed and diluted with a little normal saline. 
As a rule, whitish, actively motile dots may be seen macroscopically, 
and these will be most numerous upon that surface of the intestinal 
contents which has been in contact with the intestinal wall. These 
dots are Opalina. Tbey are flat, disc-like Protozoa, and their entire 
surface is covered with cilia, the movements of which resemble the 

' F. Blocbmann, "Die microBcopische Tierwelt des SiiBswasaers," part i, 2rid ed., 
Hambnirg, 1885, 

' A, Schuberg, "Ueber CUien nnd Trichocysteo eiaiger Infusorien," Arch. f. 
Protittenkunde, vol. vi, 1905, part i, pp. 47-60. 
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waves which pass over a field of com. These movements should be 
carefully studied, carragheen (which has been previously swelled in 
normal saline) being added wherever necessary, though as a general 
rule the bowel-contents will be snfficiently thick without it. The cilia 
are arranged in longitudinal rows, corresponding to a fine longitudinal 
striation of the surface of the parasite. There is no cytostome, 
nutrition taking place by endosmosis. There are also no contractile 
vacuoles. The Opalina resemble the true Infiisoria in possessing a 
ciliated exterior, but they differ from them in the method of their 
reproduction' and in the absence of anything resembling nuclear 
dimorphism. Three varieties of Opalina are found in indigenous frogs. 
They are ae follows : — 



FiQ. 36. — Inlusoria from the Ibrge intestine of Batut temporaria (origiDal). a, Balati- 
tidium enloaoon. b, Nyclotkerua cordiformis. c, Opalina rananim. Magnified, a and b, 
375 ; 1 ; c, 125 : 1. 

Opalina ranarum (in Bana temporaria). — Much Battened in form; 
this parasite is about half as broad as it is long, the greatest breadth 
being at, or just behind, the middle line. 

0. dimidiata (ia R. esculenta). — Spindle-shaped: about four times 
as long as it is broad, the greatest breadth being anterior to the middle 
line. 

O.zelleri (also in R. esculenta). — Very clumsy in shape; at least 
half as broad as it is long ; not nearly so much flattened as 

' E. Neresheimer, " Die Fortpflanzung der Opalinen," Arcli. f. ProtUtenhunde, 
suppl. i, 1807, pp. 1-42, 
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O. ranarum, being more like a baarrel in shape. It is much rarer 
tban tbe other two. All three varieties are furnisbed with Dumeroos 
similar, small, round onclei (fig. 26, c). 

Altbough tbe Opalina are of most freqaent occurrence, two other 
much smaller Infusoria are sometimes met with in the iotestine of 
B. temporaria and R. eaeulenta. They are Balantidium entozoon and 
Nyctotkerus cordi/ormis (fig. 26, a and b), which belong to the order 
Heterotricha, and are closely related to the intestinal Infusoria of 
man. This order is characterized by the possession of a uniform 
covering of similar cilia and by an "adoral zone," a row of larger 
cilia or membranelles, which runs along the peristome from the 
anterior extremity of the parasite to its oral opening. In Nyeto- 
therus the mouth continues as a long cytopharynx, and the adoral 
zone is prolonged to its end. The arrangement and the moYements 
of tbe cilia should be noted, as well as the action of the contractile 
vacuoles, of which Nyctotkerus possesses one, while four are present in 
B. entozoon (not represented in fig. 26, a). In Nyctotkerus there is also 
a short anal tube, situated at the posterior end, close to tbe contractile 
vacuole. The macronucleus in Nyctotkerus is bean-shaped and the 
micTonucleus lies close to its hinder concave surface. In Balantidium, 
it is round, and is, as a rule, easier of detection, being situated within 
the curve of the macronucleus, which is very much bent, varying in 
shape from that of a kidney to that of a horse-shoe! 

Cover-glass preparations of the whole organism are fixed in alcoholic 
solution of mercuric chloride and stained with htematoxylin, counter- 
staining with eosin. The finer details, such as the insertion of the 
cilia and the structure of the nucleus, are only to be seen in sections, 
which should be stained with iron-hsematoxylin. 



(6) Balantidium coli. 

Opportunities for the study of the parasitic Infiisoria of man are 
rare in this country. B. coli, the best known of these and, on account 
of its pathogenic significance, the most important, is principally found 
in the north-east of Europe. Occasionally, though this is rare, fresh 
material may be obtained in East Prussia. There is a Balantidium, 
however, which is invariably present in the rectum of swine and 
which is BO similar to tbe parasite found in man, that tbe two 
organisms have, up to now, been considered identical. 

Tbe rectum should be tied at both ends before removal and it 
should be taken from the carcase immediately after slaughter. It 
should be wrapped in a thick cloth to prevent cooling during transit 
from tbe slaughter-bouse to the laboratory, and the examination 
should be made as soon as possible — certainly upon the same day. 
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Where this is impossible, the portion of intestioe should be kept in 

a thermostat at a temperature of 37° to 38° C. 

It is very rare to find the intestine of swine 
free from BaJantidia. The living organism is 
best seen by dilating a small quantity of the 
bowel-contents with normal saline solation, 
which has been previously heated to 37° C. 
The Infusoria may be seen with a low-power 
lens and are readily distinguished by their 
movements. The structural details are only 
to be seen with a strong glass. The parasite 
differs somewhat iiova. B. entozoon; the peris- 
tome is shorter, the individual cilia are shorter, 
and there are only two contractile vacuoles 
(fig. 27). If the material is allowed to cool, or 
if the portion of intestine is kept for a time 
Pio. 37. — Baiantidium before exsjnination, round cysts of Baiantidia 

large int^tine °of "iiian^ '^•" ^^ found, while the free forms will be pro- 

Mftgnified,6oo:i. (Original.) portionately fewer. Occasionally it is possible 
to follow the actual process of encystment 

under the microscope. 



(c) Infusoria found in the Stomach of Ruminants and in the 
CtBCum of the Horse. 

A large and interesting variety of Infusorians is found in the rumen 
and reticulum of ruminants. The stomach of a freshly killed animal 
should be punctured, and the fluid which flows from the perforation 
(it should be fairly free from food-remnants) is caught in a glass-tube. 
This should be wrapped in a cloth and carried in the pocket to the 
laboratory. It kept in a thermostat at a temperature of 35° to 36° C. 
the Infusoria will live, certainly for one day, but never longer than 
three, owing to fermentation of the stomach-contents- The objects 
must be examined upon a warm table, as the greater number of the 
Infusoria found in the stomach of ruminants possess a retractive 
peristome, which is only released under the influence of a certain 
degree of warmth. A temperature of about 30° C. is sufficient, and 
this will also slightly reduce the eiitreme motility of the organisms. 
For preservation, a small quantity of the material is put into a warm 
glass and hot alcoholic solution of mercuric chloride is poured over it. 

The Infusoria which live in the gastric secretion belong to a large 
number of different species, and are sometimes distinguished by their 
bizarre form. They frequently put out stiff, thorn-like prolongations. 
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which vary in number and arrangement.^ For further details the 
student is referred to the special literature on the sabject. 

The csBcnm of the horse is also the habitat of a large variety of 
Infusoria, which, in many cases, resemble those described above. To 
obtain the Infusoria in a medium of suitable fluidity, the bowel- 
contents should be filtered through a warm cloth. The parasites 
are, however, more sensitive than those found in the stomach of 
mminants and, even with the aid of a, thermostat, it is not possible 
to keep them alive for longer than two or three hours. The species 
most frequently met with, which is also the largest, is Cydopostkium 
palmatus. It is characterized by a remarkable double organ of move- 
ment ; a bunch of six strong cilia, which proceed from a short tube- 
like sheath, is placed upon either side at the hinder end of the body. 
Other varieties, together with their more intimate structural details, 
are described by Bundle.* 

[d) Ectoparasitic Infusoria of Fish. 

Infusoria are frequently found upon the skin and gills of fresh- 
water fish, and in fishes and aquaria these may have a pathogenic 
significance. The most interesting varieties and the ones most 
frequently met with are Cyclocheeta domerguei, Wall., a semicircular 
Infusorian of the order Peritrichida, found upon the gills, to which it 
attaches itself by means of its modified and sucker-like peristome ; 
and Ichlhyophtkirius multifiUus, Fouqc, a nearly round and almost 
opaque Holotrichian, which forms small white pustules under the 
epidermis. It encysts after the bursting of the pustules and the cysts 
fall to the bottom of the water, where numerous daughter-cells are 
formed within the cyst. Both of these parasites may be fixed in 
cover-glass specimens by the method described for Costia (see p. 41). 



' A. Schuberg, " Die Protozoen des Wiederk&uermagena," Zool. Jahrb. Ahl. f. 
8y»t., Tol. iii, 1888, pp. 364-416 ; A. Scbnberg, " Ueber einige Organisation Everhalt- 
nlBse der Infusorien dea Woiderkauerwagena," Siteber. d. phys-mcd. Get Wiimhurg, 
November 21; 1891 ; R. Eberlein, " tJeber die im Wiederkilnermagen vorkommendea 
ciliaten Infusorien," ZeiUchr. f. wUa. Zool., vol. lis, 1895, pp. 232-804. 

' A. Bnndle, "Ciliate Infusorien in Cfeonm dea Pterdes," Zeitseh. f. wiea. Zool., 
vol. b, 1895. 
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HELMINTHES. 

The term HelmiDthes (intestioal worms) includes all the parasitic 
worms. These, though beloogiDg to widely different zoological 
classes, yet poasess striking similarities of structure and development, 
the result of modifications brought about by the conditions under 
which they live. To this group belong the Trematodes (suckiog- 
worms), the Cestodes (tapeworms), Nematodes (threadworms), and 
the Acanthocephales (hooked-worms). Formerly it also included the 
Cysticerci (bladder-worms) and the liinguatulidce (tongue worms), but 
the former are now recognized as a developmental stage of the 
Cestodes, while the latter are modified Arthropods. The Hirudinea 
(leeches), which live more in a state of brigandage and attack both 
man and the lower animals, are certainly parasitic in their mode of 
life, though they are not usually classed as Helminthes. The group, 
moreover, does not include other parasitic Metazoa, whether occa- 
sional or permanent in their attachment ; these should be classified 
according to their distinguishing characteristics. 

The majority of the intestinal worms live as endoparasites in the 
interior of the body of their host. Their usual habitat is the bowel 
and its appendages, though certain varieties, such as the mono- 
genetic Trematodes, are to be found upon the surface of the body, 
in hollow organs which are readily accessible from the exterior (oral 
cavity, urinary bltidder). The Trematodes, Cestodes and Acantho- 
cephales are entirely parasitic in their manner of life. Free-living 
stages occur among the Cestodes, and, in certain Nematodes (Angio- 
stomides), free-living and parasitic generations alternate. There are 
also true free-living Nematodes which may occasionally live as 
parasites (facultative parasitism), while a large number of Nematodes 
never become parasitic at all. These are described as "free-living 
Helminthes." 

The number of the varieties observed in man has largely increased 
in later years. In all, eighty-three species are recognized ; of these 
sixteen are Trematodes, twenty Cestodes, forty-five Nematodes, and 
two Acanthocephales. A certain number only are specific, e.g.. 
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confined exclasively, or almost exclasively, to man. The others are 
normally parasitic in the domestic or wild animals ; they may, how- 
eTer, adopt man as a host, in which case they are described as 
" occasional " parasites. In many cases, the normal hosts of parasites 
which are occasional in man have not as yet heen discovered. 

It is not possible, nor ie it very necessary, to examine all these 
many varieties of Hetminthes, some of which are exceedingly rare. 
It will snffice for the student to recognize from personal observation 
those species which are of frequent occarrence ; while the rarer sorts, 
shonld they come under his notice, may be identified by the aid of 
the text-books of the subject. 



DIRECTIONS FOB OBTAINING MATEEIAL. 

It is probable that every vertebrate species may, under conditions, 
harbour Helmintbes. Naturally, they are not to be found in every 
individual, nor will all the parasitic varieties to which it is subject 
be found in a single member of the host-species. Certain host-species 
are less frequently attacked than others, while the percentage of 
affected individuals of the same species is dependent upon locality and 
age. In other words, it is dependent upon the food, the natnre of 
which changes at different stages of growth. As long as food is 
taken in a form which precludes the transmission of Helmintbes, for 
so long will the individual be preserved from infection — at least, from 
infection by food. As a general rule, the sucking young of mammals 
do not harbour Heiminthea, although infection with certain varieties 
may occur as a result of external conditions ; or the young mammal 
may inadvertently swallow some small animal containing parasites. 
But, speaking generally, material for demoustration purposes should 
be sought in animals which have passed the stage of early youth.' 

We will now assume that a cat is to be examined for Helminthes. 
We know, from the earlier text-books, that the cat harbours full-grown 
worms, as well as certain of their developmental stages. The former 
inhabit the intestine, the gall-bladder, the gall-ducts, and, occasionally, 
the urinary bladder; while the latter are found encysted on and in 
different internal organs (bowel-wall, liver, muscular structure), or free 
in the great body-cavities. The frequency of occurrence varies with 
the species. Some varieties are found in every individual ; such are 

■ O. von Linatow'a " Compendium der Helminthologie " (Hanover, IST8, 16B9) 
win be totmd very useful for reference. Although out of date in certain particnlarB, 
it is, ae tar as it goes, an exceedingly reliable work. 
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Ascaris mystax (now called A. canis) and TtBnia eUiptica (Dipylidium 
caninum). Other Tarieties, though comparatively frequent, are by 
no means invariable; such is T. crasxicoUis. Others again, such aa 
Bothriocephalus felis, Opistkorchis felineus (v. LinBtow calls it Z>«t- 
tomum lanceolatum), are comparatively rare ; while certain imported 
varieties, as Oxyuris compar, may be occasionally met vrith. There 
are also a small number of quite rare species, and others again which 
are rare in the cat, though encountered frequently in other hosts. 

The animal should be chloroformed, and examined as soon as 
possible after death.' It is laid upon its back and fastened securely 
by the legs, which should be turned outwards. The neck should be 
drawn back, the bead fixed, and the skin freed from any ectoparasites 
(Qeas, lice, ticks) which may he present. An incision is now made in 
the skin down the entire length of the body, beginning at the chin and 
ending at the anus. The skin is rapidly freed from the sides,, the 
rih-cartilages are severed, and the hreast-bone removed. The peri- 
toneal cavity isjopened up by means of a long incision through the 
thin muscular wall of the abdomen. As Cysticercus elongatus, 
Blhrg., is occasionally found in both the peritoneal and the pleural 
cavities; this should be first sought for, the viscera being raised in 
snch a way as to leave the cavities free to inspection. The lungs 
should next be examined, and here a roundworm, Strongylus nanus, 
A. Miill., which varies in length from 5 mm. to 10 mm., may be 
found. Its presence is betrayed by the condition of the lung, and may 
be verified by microscopic examination of the bronchial mucus, oval 
eggs in all stages of development and free embryos being found. In 
such a case, the bronchi should he opened down to the smallest 
branches, and the worms removed from the lung-tissue.' The bowel 
should next be examined. After removing the omentum, the small 
intestine should be cut across immediately behind the stomach. The 
cat end should be held with the left hand (or by means of tweezers), 
and the mesentery separated with a scalpel from the whole 'of the 
small intestine, as far as the commencement of the colon. The 
small intestine is next cut across at the caecum; it is laid upon a 

' Wherever possible, Helminthes should be Bonghli iQ the freshly killed cadaver, 
OB many species do not long survive the death of theii host. The decomposition ot 
Helminthes follows very quickly after death. The TEeniie of birds, for instance, 
possess but Blight power of resistance. Nematodes, on the other hand, are com- 
paraldvely robust, as are the encysted forma of the greater number of Hehnintbes. 
The latter are frequently found alive in organs which are already in a state of 
maceration. 

' In North America, Paragonitnu* wmUrmani is found in the lung of cats. This 
parasite may occur in man, but its normal host is the tiger. It occurs also in swine 
and dogs, but only when their habitat ia extra- European. 
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board and split lengthwise with sciaeorB with protected points. This 
m&niptilatioa should be performed with great care, in order that any 
Helminthes present in the bowel may not be damaged. The blunt 
end of the sciseors should be inserted into the lumen of the bowel, and 
it should be kept quite close to th^ bowel-wall, of wbich only a small 
portion should be cut at^ a time. When split along its entire length, 
the bowel is opened oat, fixed with pins to the board, and its contents 
examined. Helminthes of sufficient size to be perceived with the 
naked eye will have been seen during the process of cutting, and their 
site of attarfshment should now be noted. Many species favour special 
sections of the small intestine, just as others are only to be found in 
the stomach or the CEecum Begular distribution of the same species 
through the entire length of the small bowel is very rare in a freshly 
killed host. 

Position, method of attachment, and movements of the Helminthes 
should be noted and the free individuals should he lifted out with the 
spatula and put into shallow vessels containing normal saline solution. 
The Helminthes which are not free should next be detached, wherever 
possible, from the bowel-wall. This can generally be accomplished 
by digging into the mucosa at the point of attachment, and hriuging 
a portion away on the spatula with the worm. The method is not 
always successful, however. Many Gestodes (though this does not 
apply to those of the cat) as well as Echinorhynchus varieties, strike 
so deeply into the mucosa that they penetrate the muscular structure 
of the bowel-wall. Liberation, in these cases, is much more difficult 
and is frequently to be effected only by special preparation under the 
microscope. It is not advisable, in any case, to release all the attached 
individuals. In certain cases, the portion of the bowel-wall which has 
become changed by the agency of the parasite should be cut away 
together with the scolex, and the two fixed whole together. This 
should be carried out as expeditiously as possible, as the worms 
frequently release their hold when disturbed or as the bowel cools, and 
it is rare to find them attached except in a quite fresh organ. 

The Helmintbes most frequently encountered in the intestine of the 
cat are Ascaris cams i=A. mystax) and IHpilidium canijium {=Twnia 
ellipiica = T. cticumerifia) . Both varieties, and especially the latter, are 
as a rule found in large numbers.' Both may occur in man and, for this 
reason, they have a special practical interest. Ascarides (fig. 28) live 
free in the lumen of the bowel ; D. ca?iinum, the " cucumber- worm," 



' In Italy, D. Iri7ichetii,'l)iiaa., and D. patqualei, Diam., ate found in the domeBtic 
oat, while Z). chyxeri, v. Babz, is found in cats id Hungary. (See V. Diamare, "D 
genere Dipylidiuni,''Naplea, 1898; alsov.Ritz, Centratbl. f. Bakt., Far. und In/.,1, 
part 3ii, 1B97, p. 465). 
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(fig. 29), is geoetally attached at tbe head end, bat is easily teleasecl. 
Careful measures are Teguired to obtain the worm whole, as it breaks 
easily at the tbin anterior end. When these worms are present in 
hrge numbers, tbe mucosa in the region of attachment may be scraped 
away with a spatula and the whole complex of 
worms, mucosa, and bowel-contents trans- / 

ferred to vessels containing normal saline. f 

After a short interval, the heads will become 
detached from tbe niacosa of their own accord. 
Single proglottides should also be carefully 
sought. They resemble cucumber-seeds in 
shape and are reddish in colour. They will he 




found in the neighbourhood of the worm itself, or in the lower portions 
of the small intestine. They may also be found in the large bowel ; 
but, wherever they occur, tbey are always on their way to the 
exterior. 

Of the larger tapeworms, T. crassicollis, a thick, heavy worm 
closely related to the T. so&um of man, is the one most frequently 
encountered in the cat. In localities where Bothriocephalus occurs, 
a slender variety of the human Dibotkriocephaltis latus is occasionally 
met with, and, though more rarely, the small Bothrioeephalus felis, 
Crepl. 

Equally rare are the Trichocephales, which attach themselves hy 
means of their thin anterior end to the mucosa of the Ciecum, though 
they may occur in the lower end of the small intestine. 

A sexually mature, very small roundworm, OlluUtnus tricuspis, 
inhabits the gastric mucosa. Part of its brood passes out with tbe 
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fffices ; other individuals wander about the body of tbe host and 
become encysted in tbe pleura, liver, ajid particularly the lungs. 

Next to the intestine, the liver is the visceral organ which is most 
frequently attacked. Trematodes are found in the gall-ducts and 
gall-bladder. In North Germany, where cats are very largely infected, 
the Tarieties usually met with are Opistkorckis felineus, Metorchis 
albidus, and M. truncatiis; though these also occur in other localities. 
In North America, 0. felineus is replaced by a form, 0. pseudo/elineus, 
which closely resembles it, while Clonorchis endemicus ia met with 
in Japan. V. Siebold's assertion that Dicroccelium lanceatum 
(= Distomum lanceolatum) occurs in the liver of the cat has proved 
erroneous ; the parasites which he saw were undoubtedly O. felineus. 
The true lancet-worm has, however, been observed quite recently in 
the cat, but its occurrence ia extremely rare. 

The gall-bladder should be removed whole, placed in a watch-glass 
of sufficient size, and then opened along its greatest length. Trema- 
todes will be seen macroscopically in the gall as it runs out, and their 
presence may be denronsbrated beyond a doubt if tbe gall is diluted 
with a little normal saline. It may happen that the secretion is free 
from parasites ; the liver, however, should be examined in any case, 
as these species inhabit the gall-ducts, the larger branches of which 
should be opened. The entire liver is now cut with a scalpel into 
slices of about a finger's breadth in thickness ; these should be hghtly 
pressed to force the worms out of the smaller branches of the gall- 
ducts. They frequently emerge with a jerk on to the cut surface and 
should be removed with a Bpatula or paint-brush. The cut surface, 
upon which there is inevitably a certain amount of blood, is scraped 
with tbe back of the scalpel and tbe material is put into shallow glasses 
containing normal saline solution. As a certain proportion of tbe 
worms are likely to remain in the gall-ducts, the slices of liver should 
be put on a plate, covered with normal saline solution, and allowed 
to stand for a time. The worms will be found in the liquid or upon 
the cut surfaces, or they will emerge if the slices of liver are gently 
pressed. 

In the case of host-species which harbour parasites in the portal 
vein, a similar method of examination is followed. The vessel is 
opened, the blood caught in shallow bowls, and the liver cut into 
slices. Both blood and the material obtained by scrapmg are spread 
in small quantities upon plates, one half of which has been blackened. 
Tbe material should be thinned with normal saline and the fluid 
should be slowly moved from side to side during inspection. 

In certain host-species, encysted Helminthes are met with in the 
liver, tbe most prevalent being the bladder-worm. They are some- 
times attached to the surface, sometimes they lie deeper. They may 
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be peeled out, together with the Cystic membrane, which is derived 
from the tissues of the host ; or the membrane may be carefully cut 
through and the parasite taken out. Mature Nematodes and Cestodes 
are found in the liver of very few host-species. 

The other internal organs are examined in a similar manner. 
Hollow organs are slit up and solid organs carefully cut into slices. 
Ample material is forthcoming from indigenous vertebrates, and it 
may be suppleliiented hy material obtained from slaughter-houses. 
Fresh carcases of extra-European animals, as also of the rarer 
European land vertebrates, can sometimes he obtained from mena- 
geries and zoological collections, while foreign fish may be got from 
live-stock dealers and hatcheries. It should be home in mind, how- 
ever, that animals which have been long in captivity, or have died 
after lingering illness, do not as a rule yield very abundant material. 
As a consequence of changes in diet, or of illness, Helminthes are fre- 
quently absent from the intestine, though they are sometimes found 
in the other organs, generally in the encysted stages. The chances 
of finding parasites in the intestine are greater in the case of animals 
which have died soon after importation. The attendants, moreover, 
are aware that Helminthes are passed in the dung of freshly imported 
animals, and use should be made of this knowledge. 

Even in fishing towns, fish are nsually emptied of their viscera 
before coming upon the market, and for this reason the encysted 
forms of Helminthes are the ones most frequently found in them. 
Occasionally, they are found free upon the skin and gills. Interesting 
material is sometimes found in the gut of certain species ; such are 
the shark and the skate. 

Invertebrates, both of the land and of fresh and salt water, may 
also harbour Helminthes, though in certain developmental stages 
only. These occur tree or encysted in the substance of the intemaJ 
organs and, with the exception of the gut, they are rarely found in 
the hollow organs. In' addition to the Protozoa, the parasites most 
frequently present in the gut are a small species of Nematode. 



CHAPTER II. 
METHODS OF PEESBRVING HELMINTHES. 

Helminthes should be examined in the first instance in the fresh 
state. As a general rule, they are sufficiently transparent for the 
purpose, and this transparency may be increased by gently pressing 
them between the glass slide and the cover-glass (or two glass slides 
may be used). It is very necessary, however, to preserve them, both 
for museum purposes and for section cutting. The method varies 
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according to the species to be examined and the purpose tor wtuch 
the epecimen is required. 

(a) Method of Prbsbbving Specimens Whole. 

(1) Trematodes. — Flat worms, of slight muscular stractnre, are 
beet for preservation whole, while very large and thick round worms 
are unsuited to the purpose. The specimens should be washed in 
normal saline solution immediately after their removal from the host ; 
they should be freed From mucus, &c., with a brush, and then stretched 
out upon a glass slide. A cover-glass of sufBcient size and thickness 
shonld be smeared with a drop of the fixing fluid and inverted on 
to the worm, which, as a rule, remains stretched out on the slide, 
without bending or folding, and becomes flattened out. This flatten- 
ing process may be lessened or increased according to the amount of 
fluid introduced under the cover-glass. It should be added drc^ by 
drop at one edge, while the superfluous fluid is drawn off by means 
of filter paper from the opposite edge. The worm should not be 
crushed, nor should it be flattened to such an extent as to change the 
shape of the organs. The expulsion of ova from the uterus is a sign 
that the pressure is considerable, while the passage of fseces from the 
oral sucker points to a still higher degree of pressure. It is a good plan 
to arrange supports by the side of the object to be examined, and 
these may be cut from writing paper, blotting paper, post-cards, or 
cartridge paper, in accordance with the thickness of the parasite. 
The strips should be quite narrow and should be laid upon the glass 
slide in such a way that, when the cover-giass is applied, they may be 
under it. 

There are certain varieties, even among the smaller worms, in 
which muscular action is strong, and it will be found that the pressure 
of the cover-glass alone, even when increased by the withdrawal of 
the fluid, is insufficient to keep these varieties flattened out. In such 
cases a glass slide, or small pieces of lead or iron, should be put upon 
the cover-glass ; or it may even be necessary to use a press. Extra 
pressure is indispensable when preparing large flatworms. 

The best fixing fluid is undoubtedly a formula used by D. Hofer. 
Fifty parts of a saturated watery solution of picric acid, are mixed 
with 48 parts of water, and 2 parts of glacial acetic acid. The mixture 
acts first upon the edges of the specimen and works inwards very 
rapidly, but it is sometimes unable to penetrate to the two surfaces 
touching the glass. In that case, the unaffected parts will remain 
transparent while the edges will be yellow and opaque. The defect 
may be remedied by gently raising the cover-glass and allowing it 
to fall back again into place. It may, however, be necessary to add 
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fresh liquid, after quickly removing what is left of the original appli- 
cation ; this maaaeuvre should be repeated until the eotire 'worm 
becomes opaque. It muBt be borne in mind that the lifting of the 
cover-glasB is very liable to tear the specimen, especially when the 
preparation has been subjected to pressure. Should this appear 
imminent, the cover-glass should be allowed to fall back into place 
and fresh liquid must be added dt the edge of the glass until the 
cover-glass floats, either quite free or with the worm attached. In 
either case the specimen will be left exposed, either upon the glass 
slide or the cover-glass, and the process of fixing may be completed 
by adding fresh fluid. Or the worm may be freed from the glass by 
pouring the Hofer mixture over it ; it should then be transferred to 
a watch-glass by means of a fine brush. If the object is fixed upon 
the glass slide, as soon as it becomes opaque it should be washed off 
into a watch-glass, and it sbontd, in any case, be allowed to remain 
for ^ short time in the fixing fluid. The fluid is then removed by 
means of a pipette and clean water is added. This is quickly drawn 
. off and replaced by 45 to 50 per cent, alcohol. The object should 
'remain for a few minutes in the alcohol, which is then drawn off 
and replaced by 70 per cent, alcohol. This alcohol is changed every 
few hours until it ceases to contain picric acid, i.e., until it no longer 
acquires a yellow colour. The process may occupy several days. The 
object is next put into 80 per cent, and afterwards into 96 per cent. 
' alcohol, and in this stage may be kept for any length of time. Speci- 
mens should be stored in closely covered jars ; or they may be put 
into glass tubes and closed with wadding (not cork) ; or into glass 
bottles with well-fitting glass stoppers. They should be carefully 
labelled, the description including the name and pedigree of the 
host, the organ from which the parasite was taken, method of 
treatment, date. 

Boundworins and muscular flatworms may be prepared whole in 
the following manner. The worms should be cleansed and put into 
a watch-glass containing a small quantity of normal saline. Warm 
saturated watery solution, or warm alcoholic solution, of mercuric 
chloride should be poured over them and the objects allowed to remain 
in soak until they become opaque, which will be in a few minutes. 
If the watery solution is used they should be rinsed in normal sahne, 
but in 70 per cent, alcohol if the alcoholic solution ia used. In either 
case, a few drops of tincture of iodine should be added to the rinsing 
fluid to remove superfluous sublimate from the tissues, and the liquid 
should be changed until it ceases to lose its colour. Objects washed 
out with normal saline are treated with alcohol of gradually increasing 
strength and may be stored in 95 per cent, alcohol. Objects rinsed 
in alcohol aie put straight into 80 per cent, and afterwards transferred 
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to 95 per cent, alcohol. For the purpose of more minute investigation, 
they are completely dehydrated in absolute alcohol, cleared in creosote, 
and examined upon hollow-ground glass slides. 

Simple preseivatioD in alcohol also provides very useful material> 
as exemplified by the collections of the older helminthologists. And 
tonJay there is no better method of preserving Helminthes for museum 
purposes. It is a very moot point as to whether specimens preserved 
with the metallic salts are as eoduriog as those kept in spirit. 

(2) Cestodes. — In its first stages, the process is the same as that 
described for Trematodes, but the details of preparation must be 
carried out as expeditiously as possible, owing to the fact that changes, 
such as the detachment of the cuticle and the hooks, occur if the 
specimens are left for long in a saline solution. Small varieties and 
email individuals of larger varieties, if not too large to be covered by 
a cover-glass, should be prepared whole. Larger varieties should be 
divided and, in the case of the giant tapeworms, the scolex and 
specimens of both mature and young proglottides should be preserved. 
As with the Trematodes, Hofer's picrin mixture may be replaced by 
70 per cent, alcohol, with the addition in this case of a few drops 
of acetic acid to dissolve out the calcareous bodies, which are present 
in large quantities in most Cestodes. 

(3) Nematodes. — The preservation of Nematodes whole is a some- 
what difficult matter, owing to their highly resistant cuticle. This 
is liable to form folds which obscure the view of their internal 
organization. Nematodes are, moreover^ very impermeable to staining 
reagents and it is useless, in any case, to attempt to stain the whole 
worm. Mounting in Canada balsam or other gums is also impossible, 
owing to the almost unavoidable shrinking of the cuticle when the 
specimen is cleared in creosote or turpentine. Crood results may, 
however, be obtained by finishing in glycerine and mounting in 
gelatine (gelatine 200, glycerine 1000, aqua dest. 120'0, acid carbol. 
2-0). 

Nematodes should not upon any account be left for long in saline 
solution ; the cuticle becomes detached, the worms swell up and 
finally burst, allowing the viscera to protrude. For this reason they 
should be fixed as soon as possible after they are found. The smaller 
varieties should be laid in pairs, male and female, upon a glass slide 
and covered with a cover-glass of sufBcient size. They should be 
fixed in weak (30 per cent,) alcohol or in Miiller's mixture (potassium 
bichromate 2'5, aqua deat. 100, sodium sulphate I'O), and the liquid 
should be introduced under the glass in a quantity sufficient to produce 
slight capillary pressure. The specimens should now be kept for 
a few days in a damp chamber, which may be constructed in the 
following manner : The bottom of a plate is covered with a round 
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slip of filter paper, which should be moistened with water if Miiller's 
mixture is used for fixing, but with 30 per cent, alcohol if alcohol is 
used. The |;lass slides are placed on the plate and covered with 
a large glass bell or with a sheet of glass. 

After a few days, the fixing mixture is drawn o£f by means of 
filter paper introduced under the cover-glasses; the specimens are 
rinsed several times with water, and weak (20 to 25 per cent.) alcohol 
IS then added, the specimens being allowed to soak in it for twenty- 
four hours. The weak alcohol is next replaced, first by 30 per cent., 
and tben by 40 per cent, alcohol, the specimens being allowed, after 
each change, to remain for some time in the damp chamber. Finally> 
a drop of glycerine mixed with 40 per cent, alcohol in equal parts 
is introduced at the edge of the cover-glass. The specimens should 
be exposed to the air, or covered with a large glass bell, when the 
water and alcohol will slowly evaporate, leaving the glycerine, more 
glycerine being added from time to time at the edge of the cover- 
glass. The objects will finally lie in pure glycerine and will be found 
sufficiently transparent for examination ander the microscope. They 
should be mounted in glycerine-gelatine in the manner described 
above. The cover-glass is raised, the glycerine removed, and the 
glass slide in the immediate neighbourhood of the specimen cleaned 
with filter paper soaked in weak alcohol. Glycerine-gelatine is 
liquefied in a spatula over a flame and added to the specimen, which 
is immediately covered with a clean cover-glass. 

Objects fixed with weak alcohol should be treated in a similar 
manner, omitting, in this case, the water stages. Nematodes pre- 
pared in this way will sometimes keep good for twenty years. Ijoobs' 
also recommends the glycerine method for preserving Nematodes. He 
uses 70 per cent, alcohol, to which, in the case of delicate specimens, 
2 to 3 per cent, of its volume in glycerine is added, though a propor- 
tion of 5 to 10 per cent, may be employed for the robuster forms. 
The mixture is heated before use and is poured over the specimens, 
which should be arranged upon glass slides or in shallow vessels. 
The worms will die almost immediately and will straighten themselves 
out, though Trichocephales, Trichosoma and Strongylides, with longi- 
tudinal striation of the skin, usually roll themselves up. This can be 
prevented only by mechanical means. 

If Nematodes which have been killed in glycerine-alcohol are placed 
in shallow dishes, together with a sufficient quantity of the liquid, and 
covered with a large glass bell, the alcohol will slowly evaporate, leav- 
ing the worms in pure glycerine. The process may be hastened by the 
use of an incubator. 

' LoosB, Zool. Am., xiciv, 1901, p. 815. 
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Langeron' uses IcbctopheDol (2 parts glycecioe, 1 part distilled 
water, 1 part crystallized carbolic acid, and 1 part lactic acid). 
The Nematodes are killed with diluted formol {5 : 100), and then 
transferred to lactophenol which has been previously dilated with an 
equal quantity of water, and in this they are allowed to remain for a 
few hours. A large drop of lactophenol is dropped on to the middle 
of the glass slide, the worms Eire placed in it and covered with a 
cover-glass. The whole of the space under the cover-glass is then 
filled with lactophenol ; the corners are cemented with a drop of 
glycerine-gelatine (2 parts gelatine, 6 parts water, 7 parts glycerine), 
the edges are painted with the same material, and, after the gelatine 
has hardened, they are finished with a couple of coats of good 
varnish. 

(4) Acanthocephales. — Although they occur but rarely in man, the 
stady of Acanthocephales should not be neglected. Small species, suit- 
able for whole preparations, are found in the intestine of fish, frogs, 
water-birds and wadecs. As a general rule, they are firmly fixed in 
the substance of the intestinal wall by means of hooks with which the 
proboscis is covered, and are to be released only by very careful 
measures. Other varieties do not penetrate beyond the mucosa, and 
these are more easily freed. Occasionally the parasites are found free 
with retracted probosces, either in the lumen of the bowel or against 
the bowel-wall. Fresh specimens are generally flabby and fallen 
together, and they are more or less wrinkled. "When put into normal 
saline they swell up, the skin becomes taut, and the proboscis is 
frequently protruded. It is inadvisable, however, to wait until this 
occurs. The parasitica should be cleaned with a brush in normal 
saline, and as soon as they begin to swell they should be laid upon a 
glass slide, covered with a cover-glass, and gently pressed until the 
proboscis is protruded. They are then fixed in strong alcohol which is 
introduced under the cover-glass, while an even pressure is maintained 
by placing pieces of lead upon the cover-glass ; or a small bottle of 
mercury may be used ; occasionally it may be necessary to use a press. 
The process of fixing occupies only a short time, and the specimens 
are then cleared in glycerine and embedded in glycerine-gelatine in the 
manner aheady described for the preservation of Nematodes. After 
fixing, they should be transferred to watch-glasses and stained. If a 
watery solution of the stain is employed, the worms are very liable to 
swell up again. In that case they must again be pressed between 
two glass slides, and treated with alcohol in stages of gradually increas- 
ing strength. The specimens may be embedded in gelatine after 

' Langeron, C. R. loe. bioL, Iviii, 1905, p. 749 ; Arch, de para:, sii, I90S, 
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glycerine treatmeDt ; or, after clearing with creosote, they may be 
mounted in Canada balsam. 

(i) Preparation of Sections. 

The best fixing mixtare for Batworms is a cold saturated watery 
solution of mercuric chloride, which as a general rule (and this 
applies particularly to Trematodes and Cestodes fresh from the host), 
should be used warm after previous boiling. Small parasites 
(especially those from warm-blooded animals) which cease to move 
at room temperature, should be put into flat watch-glasses with a 
little normal saline and, as soon as they are straightened out, hot 
solution of mercuric chloride should be poured over them. They 
become fixed almost immediately, and in the course of a few minutes 
the fluid may be withdrawn by means of a pipette. The specimens 
should be washed out with a 0-6 per cent, normal saline, to which 
it is as well to add a few drops of tincture of iodine. They are 
next put through the alcohol stages, and this will take oue to two 
days. They are stored in 95 per cent, alcohol. 

Large specimens, or those which need straightening, should be 
arranged with the flnger or with a paint-brush before pouring the 
hot solution of mercuric chloride over them. Large Cestodes, if 
stretched out upon a plate of suitable length, may be readily killed 
in this manner. They may also he arranged in zigzags on the glass 
slide, and if the worm is straightened out with the fingers immediately 
after immersion in the fixing mixture, the contractions will disappear. 
This manipulation requires the greatest care and it can he performed 
only while the tissues are still alive. In the case of thick muscular 
worms, such as Tmtiia crassicollis of the cat, several minutes are 
required before death ensues. This is because the thin layer of 
fixing Quid becomes chilled by contact with the cold glass slide, and 
its action is, in consequence, retarded. 

There is yet another method of managing large worms. The 
entire length of the worm may be lifted in the fingers by its hinder 
end and then gradually lowered, head first, on to a warm glass plate 
containing fixing fluid. The worm will at first contract, but, if the 
temperature is not too high, it will generally straighten out of its 
own accord as it dies. 

Cestodes which have attained a length of several yards should be 
cut into lengths and each length fixed separately. 

In place of mercuric chloride, the following fixing reagents may 
he employed : ^ to 1 per cent, chromic acid solution, or acetic acid 
solution of chromium (chromic acid 2 to 2^ parts, acetic acid 1 part, 
water 1,000 parts) ; or, acetic acid solution of chromium and osmium 
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(chromic acid 2'5 gr,, osmic acid 1"0, glacial acetic acid I'O, water 
1,000) ; or, bichromate of potassium 2 to 5 per cent. ; or, Mullet's 
mixture (see p. 101), or chloride of platinum (1 : 300); or, chromic 
acid and chloride of platinum (1 part each to 80& parts water). 

It cannot be said that these reagents are superior in any eGsential 
particular to mercuric chloride. But, on the other hand, cases may 
arise — as for instance, where it is desired to produce certain con- 
ditions, or for purposes of research beyond the limits of present 
knowledge — when other and newer methods must be employed. For 
the beginner, however, the methods already described will suflBce. 
Bichromate of potassium may be found useful for preparing 
specimens of organs, from Trematodes and Bothriocephales, which 
contain yolk-glands and yolk-masses. This reagent colours the yolk 
a deep brown, and a very good general effect is conveyed by specimens 
prepared in this way. The specimens should be allowed to remain 
in the stain for several hours ; they should then be carefully dehy- 
drated, cleared, and mounted in Canada balsam. 

The preparation of Nematodes for section cutting is a more 
difficult matter. It is scarcely necessary for the beginner to prepare 
sections of the smaller varieties, as the more important details of 
their construction are readily discernible in fresh material and in 
specimens treated with glycerine. The large varieties should, how- 
ever, be prepared in sections, the most instructive being Ascaris 
lumbricoides. This parasite takes several weeks to harden. It should 
be soaked in Miiller's mixture, the fluid being frequently changed. 
The specimen should then be rinsed in water, the process occupying 
several days and the water being frequently changed. The specimen 
should finally be put through the alcohol stages and, if these are 
carefully managed, the worm will not shrink. A quicker method and 
one which is also unattended by shrinkage of the object, is as follows : 
First soak the worm in Miiller's mixture for a few days ; then cut 
into several pieces with a sharp razor; allow the pieces to again soak 
in the fixing mixture for a few days; rinse in running water for 
twelve hours; and, finally, dehydrate by means of carefully graduated 
alcohol stages. 

Sections may be cut by hand from the unenclosed specimen ; or 
the material may be embedded in paraffin, celloidin, or soap. Nema- 
todes treated by Looss's method with glycerine-alcohol, and finished 
in pure glycerine, may be transferred to strong alcohol, cleared in 
cedar-wood oil, and then embedded in paraffin preparatory to cutting. 
The penetrative power of the different reagents will be enhanced if 
fine incisions are made in the specimens. 

Other methods of fixing Nematodes recommended by various 
authors are: mercuric chloride, both alone and in combination; 
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picro-sulpfauric acid ; pioro-nitric acid ; acetic acid solution of 
cbromimn. Specimens ore finished in accordajice with the fixing 
mixture, and the results are more rapid il the worms are cut into 
lengths before fixing. 

It is essential that the dehydration of Nematodes should proceed 
by gently graduated stages. Transference to the clearing fluid and 
to paraffin must also be done by careful gradation. lu each case 
the fluid is changed by means of intermediate stages, the prepon- 
derance of the new reagent being gradually increased. 

Acaothocephales are prepared in a similar manner. For fixing, 
Eaiser recommends a saturated solution of mercuric chloride wanned 
to about 56° to 60° C; or a 3 pec cent, solution of the same salt to 
which 1 per cent, glacial acetic acid has been added; or a saturated 
solution of mercuric cyanide (very poisonous) ; or the following 
mixture: acid, picronitr. cryst. I'O, ac. sulf. cone. 100, ac. chrom. 
cryst. 10, aq. dest. lOOO'O. All these reagents should be used warm 
(45" to 50° C). Small objects should be allowed to soak in mercuric 
chloride solution for five minutes, larger objects ten to thirty minutes. 
Id glacial acetic acid solution of mercuric chloride, large objects take 
up to one hour ; in mercuric cyanide, from a quarter to one hour, 
according to size; and in the picric acid mixture, fifteen to twenty 
minutes. When the first fixing reagent is used, specimens should 
be washed out with a solution of camphor in 60 to 70 per cent, 
alcohol, warmed to a temperature of about 60° C, the specimens 
to be left in soak for two to six hours. When the second fixing 
reagent is used, specimens are rinsed for four to eight hours in 
running water. In the case of the third fixing reagent, they ate 
washed out in 70 per cent, alcohol. And, where the picrin mixture 
is used, they are first rinsed for a short time in warm water, and then 
put into 60 per cent, alcohol for three to four days. 

Specimens are dehydrated by means of alcohol in stages of in- 
creasing strength ; cleared by means of alcohol and benzol in carefully 
graduated stages to pure benzol ; and embedded by carefully graduated 
stages of benzol and paraffin to pure paraffin. 

Hamann fixes his specimens with mercuric chloride solution, or 
alcohol to which a few drops of solution of chloride of platinum 
has been added. He recommends the cutting of the worm into con- 
venient lengths in order to facilitate the action of the reagent. 

(c) Preservation for Museum Purposes. 

A collection of Helminthes will consist in part only of microscopic 

preparations, such as whole objects, sections, and series of sections. 

As a general rule, it is not possible to prepare for the microscope all 

the individuals of a species which are fouud at one time. It will 
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freqaently be found expedient, however, to preserve the saperfluons 
material. 

The best fluid for preserving specimens for musetin] purposes is 
undoubtedly alcobol ; or, in certain specified cases (Nematodes), 
alcohol and glycerine. The fixing reagents are identical vi-ith those 
given above, and to these alcohol may be added. If employed with 
caution, it is very useful for fixing Trematodes and Cestodes, and may 
also be used for Nematodes and Acanthocepbales; 70 per cent, alcohol 
warmed to a temperature of about 60° is the best. Examples oE new or 
rare species should never all be fixed with metallic salts or with acids. 
A certain proportion of the individuals should invariably bo killed 
with alcohol, for it is almost certain that the newer methods of fixing, 
with metallic salts and acids, are hable to change the tissues. la 
consequence of this the objects become so brittle that, after they 
have been kept for a certain time in alcohol, it is impossible to handle 
them. Absolute, or very strong, alcohol, should on no account be 
used ; the best strength is 60 per cent, or 70 per cent., and it should 
be slightly warmed. For permanent preservation, specimens should 
be put into 80 per cent, to 90 per cent, alcohol, in cylindrical glass 
bottles with wide necks. These should he furnished with glass 
stoppers, not corks, as the alcohol extracts both pigment and acid 
from cork, and these will in time affect the object. For the sake of 
convenience, small varieties of worms may be kept in glass tubes 
closed with cotton-wool, no air being allowed to remain between the 
surface of the alcohol and the wad. The tubes are stored, wad 
downwards, in a bottle filled with alcohol. Under certain conditions, 
larger varieties, such as Filatis and thin Cestodes, are also enclosed 
in tubes before putting into bottles, though this is unnecessary in 
the case of the robuster sorts. Long Cestodes may be coiled spirally 
round a tube ; the head and tail ends should he fastened with a 
thread, and the whole then enclosed in a cylindrical bottle containing 
alcohol. 

Dry preparations of large Cestodes are very instructive and are 
useful for purposes of demonstration. The worms should be cleaned 
and, if not already dead, they should he killed in weak alcohol. They 
are laid upon a sheet of black glass to dry and carefully protected from 
dust. Worms with a large proportion of calcareous bodies in the 
parenchyma make very striking specimens, as they dry chalk-white. 
The objects may be kept in square glasses, or they may be framed like 
pictures. 

There is a quick method of preserving intestinal worms in large 
numbers, which is particularly useful when travelling, or when some 
chance puts a collector in the way of specimens which interest him. 
The bowel is opened up along its length ; large worms are removed 
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and, pending ultimate preservatioD, are put into nonual saline solu- 
tion. The bowel-wall is caretuUy cleared, the contents being taken 
out in small portions with the spatula. Epithelium and villi are 
removed with the fteces only when Helminthes are known to lie, or 
are suspected of lying, between them. Portions of fiecal matter, of 
a size varying from that of a hazel-nut to that of a walnut, are put 
singly into test-tubes. These are then filled for about a third of their 
length with normal saline and are well shaken for half to one minute, 
the ori&ce being closed with the thumb. About the same quantity of 
saturated solution of mercuric chloride is then immediately added to 
the liquid, and the tubes are again shaken for about half a minute. The 
worms usually become extended, and they may be separated from the 
substance containing them after several days, or even after several 
weeks. Id the latter case, the material should be transferred intact to 
bottles, which should then be closed, labelled, and stored for future use. 

To separate the Helminthes, well shake the material and transfer 
it to glass tubes. Fill the tubes with water to within a few cubic 
centimetres of the top. Close the orifice with the thumb and shake 
gently until the preserved material is evenly mixed with the water. 
If the tubes are now placed upright in a rack, the Helminthes will 
sink to the bottom and the dirty fluid may be poured off into shallow 
bowls. The tubes are again filled up vrith water, inverted, and 
placed upright in the rack as before, allowing the worms again to fall 
to the bottom. This process is repeated until the water remains clear. 
It very often happens, however, that the bowel contents contain 
substances which, owing to their specific gravity, sink to the bottom 
as quickly as, or even quicker than, the worms. As soon as the 
material in suspension has been got rid of, these heavier particles 
must be removed. The deposit is turned out into shallow glass 
bowls and thinned with water. The worms are taken out with the 
spatula or a paint-brush and dropped into alcoholic solution of iodine. 
They may be arranged according to size and appearance. The thick 
fluid is poured off the deposit and this, in its turn, is diluted with 
water. Shallow vessels should be used and the material must be 
minutely examined, as there are certain small and fragile varieties 
which remain for a long time in suspension. 

Looss,' who was the first to employ this method, says- that very 
small worms sometimes remain between the villi, and that as, after 
preservation, worms and villi sink to the bottom together, the isolation 
of the worms becomes a difficult matter. He suggests that the bowel- 
wall should be cut into pieces, put into glass tubes with some normal 
saline solution, and the tubes well shaken, when the worms will 

' LooBB, Zool Am., sxiv, 1801, p. 802. 
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UBually emerge from their biding place. The pieces of bowel-wall 
should now be removed from the tubes and the liquid treated vfith 
sublimate in the manner already described. The tendency of Nema- 
todes to swell under the infiuence of the normal saline may be 
counteracted by the use of a stronger (1 to 1'2 per cent.) solution. 

Liihe' omits the normal saline and applies cold, saturated solution 
of mercuric chloride directly to the tubes containing the faecal 
material. The tubes are then well shaken, closed with a cork, and 
allowed to remain in a horizontal position. Owing to their specific 
gravity tbe worms soon fall to the bottom, and Liihe believes that 
they stretch themselves better with the glass in this position. 
Cestodes up to 15 cm. in length may be fixed by this method and 
will be found well extended. The further treatment is identical with 
that described above. 



CHAPTER III. 
EXAMINATION AND PRESERVATION OP THE EGGS OF HELMINTHBS. 

Generally speaking, the presence of Helminthes in the excretory 
organs is to be established only by direct examination of the excreta. 
Mature parasites, or portions of them, are less frequently encountered 
than their ova. These differ eo widely in form, size, colour and con- 
tents, that the beginner will very soon find himself able to identify a 
large number of varieties. This branch of helrainthology has such 
a definite practical value that the student cannot too early familiarize 
himself with the details of its technique. Good subjects for a first 
examination are the following : The liver-fluke {Fasciola hepatica), 
which is readily obtainable from abattoirs, as it is frequently present 
ill the livers of sheep; one of the large-hooked varieties of Tsenite, 
such as TcBnia crassicollis of cats, T. serrata, T. marginata, and 
T. coenurus of dogs, and, wherever possible, ripe proglittides of 
T. saginata of man; one of the species of Bothriocephalides found 
in mammals, waders, water-birds, or fish;* Ascaris lumhricoides from 
swine or from the horse, which may be obtamed from abattoirs ; and 
one of the Acanthocephales from fish, frogs, or swine. 

Fig. 30 shows the position of the uterus in tbe liver-fluke. Its 
folds form a rosette lying immediately behind the large ventral sucker, 
which is placed in the median line at tbe base of the head-cone. 
A portion of the body mass in this neighbourhood is cut away and 
teazed out on a glass slide. In the process, a large number of eggs 

' Liihe, Centralb.f. Baht., Para». und Inf., isx, pt. 1, 1901, p. 167 (note). 
' For hosts which are readily obtainable, see Linstow'a " Compendium." 
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ivill fall oat of the aterine folds and tbese may be examined at once. 
Yonng eggs have a colourless shell, old eggs a yellowish-brown one. 
The contents of both consist of large yolk-cells, which frequently cover 
the already fertihzed, but as yet ungrooved, germ-cell (fig. 31). 




Fig. 30.— FaicioUt Jtepaiica, L. Ag., Yolk-dnct Fia. 31. — Egg of Faaciola hepaiiea, 

leading from jolk-gliuidB (i>3f.). Jf . , Oral Hnoker. L. The genn-cell is sean doge to 

Tt.o., Transversa yolk-ducts leadiog [rom jolk- the pole at wbioh the M is pliu^d. 
glands. UL, Uterus. (Natural size.) 

Carefol examination under a strong glass will usually reveal the 
shell-Iid, shaped like a watch-glass and placed at the extremity nearest 
to the germinal cell. Slight pressure on the cover-glass will cause 
a certain proportion of the eggs to throw back, or at least to lift, 
their lids. 

The eggs of other endoparasitic Trematodea (figs. 32, 33) may 
differ from those of the liver-fluke in the following particulars : (1) In 
form ; (2) in size ; (3) in 
the possession of a thread- 
like attachment to the 
shell at one or both poles; 
(4) in contents, the egg 
being deposited at a de- 
velopmental stage {e.g., 
_ with the fully formed 

Fio. 32. — Fia.ZZ.—^sgal Ihj^oeceUumlan- ■ j- ■ i 

Egg of OpU- ctaium, St. e( H. Od (he left, lying miracidium or larva) 

thorehia ft- on its flat Burfaoe; on (he right, which will vary with the 

Ufuus (Riv.). Ijing on i(H side. ,_, . ;, , 

880: L - species; (5) in the absence 

of the shell-lid ; and (6) 
in the possession of a thorn-like process at one side, or at one end, 
of the shell. The eggs of Trematodes are very liable to be mistaken 
for Coccidia or the eggs of Bothriocepbales.' 

In the case of the large-hooked worms and the bookless varieties 
related to them, what are usually described as eggs are finished 
embryos or oncospheres. These have already lost the true egg-shell, 
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bat are furnished with a covering, compoBed of rods arranged radially, 
(fig. 34), which is derived from the Bubstance of the embryo itself. 
The oncospheres are easily obtained by pricking or teazing out ripe 
proglottides from the Ttenla varieties given above.^ Eggs covered 
with a thin colourless shell, to which one or two Blaiuents are 
attached, are found in the uterus of younger proglottides (fig. 35). 

The eggs of other TEenia varieties, when taken from ripe pro- 
glottides, also contain fully developed oncospheres. But the shells 
and embryonal coverings vary in form and number as well as in their 
arrangement, the different orders and species presenting considerable 



FlO. 36.— Egg from the uterus of Tania 
Fio. 34. _ a, Oncosphere (Bo-oilled !??*'^'^' **f*\ J'lL°„'^^*^jr'''^'*''^,f''''- ^^ 

Burrounded by the embryonki ooveriug '""''^«^ ^V '^^ «mbryona •^f'mg with md.U 

6, Free oncosphere o( Divylidium ca«t mariiDgi. The large cellB between it >nd the 

numCL.). (ftlagnified.) egg-ahall form a second emh^nal covermg. 

' The grHUuUr mass to the right iB composed 

of ;olk-grKnuleB. 600:1. (After Leuckart.) 

diversity. An interesting example is provided by the "cucumber" 
tapeworm {Dipylidium caninum), whose ^gs, when taken from the 
ripe proglottides, are arranged in bundles (fig. 36). 

There is also considerable variation among the eggs of Bothrio- 
cepbalides. As a general rule, species with the genital openings 
upon the flat surface of the body have eggs which resemble those 
of the endoparasitic Trematodes, the oncospheres being undeveloped 
even in lipe excreted proglottides (fig. 37}. Those species, on the 
other hand, which have their genital openings at the ed^e of the 
body surface, form thin-shelled, lidless eggs, in wMch the embryo is 
fully formed before the eggs are deposited, 

. There is a similar diversity among the eggs of Nematodes. Thus, 

* Care miut be taken to guard againet infection when working with rips pro- 
glottides ot T. tolium and T. gaginata of man, as man mny also serve as the inter- 
mediate host for the development of the oncospheres into Cjsticerci. yimilarly, 
preoAintions should be observed when making the pott-mortem examination of dogs, 
as the oncospheres of T. echinocoecut wilt also develop in man. This worm is very 
small and very diflicult to find, as it conceals itself between the villi. 
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the eggs of Ankyhstoma duodenale are oval aad thin-shelledr-ao'i are 
deposited, either before The gerinlnal groove appears, or while it is still 
in a very early stage of development. The eggs of OxyuHs vermicularis, 
on the other hand, though oval, are furnished with a thick shell and 
contain an embryo resembling a tad- 
pole (fig. 39). This embryo, when 
subjected to sufficient heat, passes 
/!?*)k in the course of a few hours into 
ft*- \-j| a nematoid stage of development, 
fc ^.'^y The degree of difference which may 
vW^ subsist between closely allied species, 
is shown by a comparison of the 
_^_^^ eggs of A. lumbricoides with those 
^^ of A. canis (= A. mystax) {fig 40). 
Unfertihzed eggs of Ascarides 
-_ are frequently found in the stools of 

Ipll man. These differ from normal 

\J eggs ; firstly, in their shape, which 

is longer; secondly, in their con- 
tents, which are richer in yolk- 
granules; and thirdly, in the manner 
in which the germinal cell entirely 
iills the shell. Eustrognylus gigas 
(fig. 41) is distinguished by the 
peculiar thickness of its shell, which, 
except at the poles, is of a brownish 
colour and is very much pitted. The '' 
eggs of Trichocephalus are also oval, 
but they are flattened at the poles 



Pig. 36.—Dipylidium caninum (L.). 
Left, soolez ; right, at the top. a bundle 
of eggs; underneath it, books fcom the 
roBt^um, Been from the front and in 
profile; at the bottom, an egg. (After 
Diunare.) 



t 



Pia. 87. — Egg of 
Dibothriocephalualaljii 
(L.). 240:1. 



and appear barrel -shaped. The shell is thick, brownish in colour, and 
perforated at the poles, the openings being closed with a light mass. 
These eggs are deposited before the developmental changes commence, 
the shell, in this case also, being entirely filled by the granulated 
germ-cell (fig. 42). 
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The eggs of Acanthooephales are very characteristic. They are 
Bpiadle-shaped, though sometimes oval, and are enclosed in several 
traDsparent shells of different thicknesses. When deposited they 
contain a finished embryo, of which, however, the hook is the only 
recognizable feature {fig. 43). 



lumbricoi4£t, L. 



Eggs of Helminthes should be preserved on a glass slide, the cover- 
glass being raised by means of supports of a suitable thickness. They 
are fixed in alcohol, which should be repeatedly changed and is finally 




Fig. 4i.-Egg o£ Etalniagytus gigai Fio. i'i.—Tricliocepfialm trUhiwis (L.). a, 

(Rud.). Tho upper figure BhowB the flat Egg. vary much nwgoified. b. Female, c, 

surface: the lower figure shows the egg Male. Sp., Spiculum. (Slightly magnified.) 

ia sectioD. After Claus.) 

replaced by a mixture of glycerine and alcohol. If carefully treated 
the eggs rarely wrinkle. The glycerine and alcohol stages are carefully 
graduated until the eggs lie in pure glycerine, which is replaced with 
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liquefied glycerine gelatine. When cold, the edges of the cover-glass 
are painted with vamieb. The entire process may be carried out in a 
watch-glass, if preferred. 

The method of examining the excreta of persons suspected of har- 
bouring Helminthes, varies with the consistency of the secretion. 
Where the fteces are watery, the liquid should be allowed to stand for 
a short time in glass bowls or tubes, and portions of 
~ the sediment should be taken out with a pipette and ex- 

amined. It is sometimes necessary to pour off the liquid 
and centrifugalize the sediment. Sohd fiecal matter 
should be reduced to a suitable fluidity by the addition 
of some indifferent liquid (such as normal saline) allowed 
to stand for a time, and then treated in the manner just 
described. Or small portions of solid matter may be hque- 
Pm 43 —Eoo ^^^ '" watch-glasses with normal saline, rubbed down, 
of Echinorhyn allowed to stand, and the sediment then examined. It is 
^'.'Jf"*(Ai^r hardly necessary to say that a single test is insufficient 
Lcuckart.) to establish a diagnosis. A very large number of tests 

must be made before it is possible to declare definitely that Helminthes 
are not present. 

Looss' reooramends the following method of preparation : If the ' 
fascal matter is too thick it should be rubbed down in watch-glasses to 
the consistency of thin paste, and any coarse particles should be 
removed. A mixture consisting of 100 parts 70 per cent, alcohol, with 
5 parts glycerine, is heated in a bowl in a water-bath to very nearly 
boiling point. The material for examination is then added to the hot 
liquid, carefully stirring all the time. When cold, the liquid, which 
will now have assumed a yellow colour, is poured off, without, how- 
ever, disturbing the sediment, and is replaced by fresh liquid. The 
alcohol is allowed slowly to evaporate, a thermostat at a temperature 
of 50' being used for the purpose. At the end of one to two days the 
ffecal matter will be evenly distributed through the pure glycerine, and 
may be kept for future use. For microscopic purposes, it will only be 
necessary to place a small drop of the sediment upon the middle of a 
glass slide containing a small quantity of warm glycerine gelatine. 
The drop of fcecal matter is stirred into the glycerine gelatine, the 
preparation is covered with a cover-glass, and, when cold, the edges 
are painted round with varnish. 



' LooBB, Ha-ndb. der Tropenkrankh., i, 190S, p. c 
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CHAPTER IV. 
REARING HELMINTHES— FEEDING EXPERIMENTS. 

The progress which has recently been made in Helininthology is, 
to a large extent, the outcome of experiments in hatching and rearing 
Helmintbes. These experiments are undertaken with the object of 
following the life-history of the worm through its various develop- 
mental stages. As a general rule, Helminthes do not live in the open, 
and the only way to develop them is by reproducing the conditions 
under which they normally thrive. In other worda, they must be 
reared within the body of a suitable host. At a certain stage of their 
development, the worms, either with or without a vehicular mass, are 
introduced by the mouth into the body of an animal of a certain 
species. The difiFerent varieties of Helminthes are parasitic in certain 
definite host-species only and, if introduced into the bodies of other 
hosts, they fail, as a rule, to develop. To discover the precise host- 
species in which a certain stage of Helminth will continue its develop- 
ment is by no means an easy or a simple matter. The beginner will 
do well to confine himself to experiments, the result of which has 
been already ascertained. 

The first experiment of the kind was carried out at the end of the 
eighteenth century by P. C. Abildgaard, The striking similarity 
between the immature tapeworms so frequently encountered in the 
body-cavity of the stickleback (Gasterosteus aculeatus) and the mature 
forms found in the intestine of water-birds, le4 bim to suspect that the 
tapeworm of the stickleback attains maturity and deposits eggs, only 
after it has reached the intestine of tbe water-bird. At that time, 
and indeed much later, sexually immature Helminthes were univer- 
sally regarded as of separate species, and experiment alone could 
determine whether the suppositions of Abildgaard were justified by 
facts. To put the matter to the test, two farmyard ducks were for 
some days fed with sticklebacks. Upon examination, the intestines of 
these ducks were found to contain worms in the sexually mature 
form, exactly similar to those found in the bodies of wild ducks, which 
are known to feed upon sticklebacks. The condition of sexual maturity 
was undoubtedly brought about by a few days' sojom'n within the 
body of a fresh host of suitable species. 

Although this experiment established a precedent, showing as it 
did the connection between the mature tapeworm and a young forni 
resembling it, other experiments of the kind were not ma!de. It was 
not until 1851 that F. Kiicheumeister again made use of the method, 
and since that date it has proved of the utmost value in practical 
Helmintholog)'. By means of experiments similar to those of 
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Abildj^aard, intermediate stages may be traced and the entire life-liistory 
of the worm, from the egg to the mature adult, may be followed. 
Generally speaking, three stages are recognized in the development 
of Helminthes: the embryo; the intermediate, young, or immature 
worm ; and the sexnally mature, adult parasite. Of these three 
Rtages, the two latter are developed within the bodies of separate 
hosts, which are known respectively as the "intermediate" and the 
"definitive" hosts. As the euibryo does not usually develop until 
after the egg is deposited and, frequently, not until after it has left 
the body of the definitive host, the egg must be hatched out by 
artificial means. This is usually an easy matter. All that is required 
is to place the eggs, as soon as possible after they are laid, under 
conditions favourable to their development. Or eggs may be used 
which have been removed from the uterus immediately before deposit. 

Eggs which, according to species, have been deposited either before 
or in the course of cell-division, will develop in water or damp earth ; 
those of Cestodes and Trematjdes in water, those of Nematodes in 
damp earth or f^ces. Thu9, the eggs of the broad tapeworm 
{Dibothriocephalui, latus) or of the liver-fluke {Fasciola hepatica) 
should be removed from the feeces or from the terminal portion of 
the uterus, put into shallow vessels containing filtered water, covered 
with a glass plate, and allowed to remain in a well-aired room. The 
period necessary for the development of the eggs varies with the 
temperature and the lighting. Id summer, development occupies 
a few weeks only ; in spring and autumn, it takes longer ; while in 
winter, unless an incubator is used, it is arrested altogether. Cultures 
of this kind sometimes fail owing to the development, in large quanti- 
ties, of bacteria or other vegetable or atiimal parasites. Or it may 
happen that the eggs are unripe. In the case of the liver-Huke, the 
latter contingency may be guarded against by using for experiment 
those eggs only, which have been taken fcom the gall-bladder of the 
host. 

Failure is Btill more frequent in tlie case of Nematode eggs 
hatched in damp earth. The material should be placed in watch- 
glasses, or in shallow glass or porcelain bowls, and carefully covered, 
without, however, being rendered air-tight. They are then put under 
an inverted funnel, the stem of which is closed with a wad of cotton- 
wool. The best medium is common garden mould, which has pre- 
viously been heated in order to kill all germs and animalcule. When 
cold, it should be moistened with filtered water (though boiled water 
is better) and it should be kept wet. The eggs of Nematodes may 
also be developed between wet blotting paper. In the case of many 
varieties, as, for instance, Trichocephales, the eggs have such an 
immense j>ower of resistance that they will develop in the reagent 
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which IB used to preserve them, and are frequently undaroaged by 
drying.' 

For cnltures in fteces, eepecially of the eggs of Ankijlostoina 
duodenale. Loess ' recommends the ftdmixtnre of an equal quantity 
of bone-black. This not only removes all odour, but it also favours 
the development of the worms. Water should not be added, but 
the culture should be frequently well stirred in order to bring the eggs 
which are at the bottom into contact with the air. 

The manner in which the embryo leaves the shell, or other 
covering, varies considerably. Some varieties, whether formed before 
or after the deposit of the egg, cnnnot be induced to emei^e in the 
open. Such are those of the Acanthocephales, the majority of the 
Cestodes, and many Treniatodes and Nematodes (Ascaris). The 
embryos of certain other varieties, such as those of the 
liver-fluke (fig. 44), and the broad tapeworii], emerge 
readily and move about in the water or earth (Nema- 
todes) of the culture. In the case of embryos which 
emerge in the open, their free existence may last for 
a comparatively long time. The young worms feed, 
grow, cast their skins and, in the case of one group 
(Angiostomides), become sexually mature. This in- 
stance of heterogony is extremely interesting, and the 
process may be watched by means of experiments in 
the following manner. 

A small roundworm, Rhabdoneina nigiovenositm, oidium of (be 
belongina: to the Angiostomides, is found in the lune of ''^er-fluke im- 
•u u r . .L 3 -L 3 ^ mediately after 

the brown frog. As soon as the eggs are deposited, tliey leaving the egg. 

make their way through the branches of the lung to the f".**",!*'*^; f*^'*'' 
oral cavity. They are then swallowed by the frog and 
thus find an entrance into the alimentary canal. As they traverse it. the 
development of the embryo becomes complete, and the young worms 
usually emerge from the shell— which is oval in shape and very thin — 
in the terminal portion ot the large bowel. The number of eggs 
deposited is so large that, if BkabdonenuB are present in the lungs, eggs 
containing embryos, or young worms which have left the cell, are 
certainly present in the lower bowel. These young worms are about 
0'4 mm. long and are furnished with a double cesophageal swelling. 
They may be brought to sexual maturity in the following manner. 



' There is no fixed line of demarcation between water and earth cultures. The 

egga of Tiichocep hales, for inEtaace, develop m water tts well as in mould ; those of 
the liver-fluke will develop in mould if it is wet enough ; and those of Aacaridea do 
equally well in either medium. 

' A. C. LoosB, Centralb. f. Bakt., Parat. und Inf., ki, 1886, p. 866. 
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The contents of the lower bowel of an infected frog ate carefally 
freed, with the aid of a magnifying glass, from other parasites (larger 
Nematodes and Trematodes), The mass is then transferred in small 
portions to a watch-glass, the surface of which has been previously 
covered with damp earth. The glass is covered over and put into 
a damp chamber. If the external temperature is high, the young 
worms will slough their skin and attain sexual maturity in about a 
day. In the winter, on the contrary, the process may occupy a week. 
The body is extremely transparent and allows the internal organs to 
be easily examined. The smaller male, which 
J, is recognized by its spicule (fig. 45), dies soon 

after copulation, while the fertilized eggs 
develop in the uterus of the female. The 
young worms emerge from the shells, break 
through the uterine wall, and grow up within 
the body-cavity of the mother, whose in- 
ternal organs they completely destroy. At the 
end of four to five days, in summer, nothing is 
left of the mother but the cuticle, in the in- 
terior of whicli the worms make lively move- 
ments. As soon as they leave the cuticle and 
reach the open air, their rhabditis form, which 
is characterized by two pharyngeal swellings, 
becomes modified. After that they do not 
change. They wait until an opportunity 
offers, when they make theit way into the 
larynx of a frog and thence into the luogs. 
This may be accomplished artificially, by 
transferring a portion of the slime containing 
the modified young worms to the mouth of a 
frog. The swallowing of the mass is prevented 
by holding the mouth open, while the entrance 
■^I^Miiuth;' (^.^ffiso^agus! '■o'^^'^ l"°g which is situated upontheventral 
P., P&pills at the tuil-end. side at the base of the larynx, is held apart 
p., apieu ft. ^^^jj tweezers, in the expectation that some 

of the worms will find their way into the 
lungs. Though, of course, not invariably successful, this experiment 
is attended by results in the majority of cases. If the slimy mass is 
swallowed the worms will die in the stomach of the frog.' 

A similar developmental process, consisting in an alternation of 
parasitic and free-living generations, is observed in the tropical form 




FiQ. 45.— Male of the free- 
liviDg generatiou of Ithab- 
demema nigrovenosum. Mag- 
nified. (Aftyr Leuokart.) ' 
Anus. D., Smstl ' 



' B. Leuckart, "Die uieusclil. Parasiten," vol. ii, Leipzig, 1876, pp. 139-148. 
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of Strongyloides stercoralis^ (Bavay), wbicb inhabits the intestine of 
man. In the form found in Southern Europe, which is occasionally 
imported into this country, the free-living generation is usually absent. 
This is to say, the young worms of the parasitic generation do not 
attain sexual maturity and do not multiply after leaving their host. 
Wben in the open they transform themselves into larvse, whose 
further development is dependent upon their importation into man.' 

Looss' describes a method of isolating Nematode larrce, which is 
very useful in the case of worms reared in fteces. He carried out the 
method with Ankylostoma, but it may be employed for other parasitic 
larvse. The fseces are first mixed with bone-black and then allowed 
to stand, the mixture being occaBionally stirred. The period of 
development depends upon external temperature. With a high 
reading of the thermometer, such as summer temperature in Egypt, 
the surface of the culture will be covered with newly hatched larvte 
in twenty-four hours. The culture is then exposed to the air until 
the surface is covered with a thin, but firm, crust. If the vessels are 
now filled up with clean water and allowed to stand for ten to twenty 
minutes, the larvsB will appear in large numbers in the water, and may 
be poured off with it. The culture should be re-dried, and the process 
repeated, until the larvse cease to appear in the water. To insure 
absolute isolation, the water which has been poured off the culture, 
and which will contain fine particles of feecal matter, should be filtered. 
The water which first runs through the filter will be discoloured, and 
should be thrown away as soon as the water begins to run clear. The 
clear liquid will be found to contain larvte which have bored their 
way through the filter paper, and these will appear in increasing 
numbers. They will be found most abundantly, however, if the 
empty filter is allowed to stand in the funnel for about twelve 
hours, and clean water is again passed through it. This process 
should be repeated until larvae cease to appear in the filtered fluid. 
This method has also been found useful in isolating the larvee of 
S. stercoralis^ and should be applicable to many other species. 

The water containing larvee may be used to infect animals of 
suitable species, and the details of the experiment will vary according 
to tbe nature and habits of the Helminthes used. Those which 
develop directly in a deflnite host (many Nematodes) will require a 



' The Strongyloides of man ehould be eTUnined with the greatest caution, oa 
iofection with tree larvee ia poBaible, not only by way of the mouth, but by way of 
the skin. This applies also to Ankylostoma duodenale. 

' See Bcaun-Seitert's " Parasitenwerk," 4th ed., Wiirz., 1908, p. 266. 

' Loosa, Centralb.f. Bakt., Parat. und Inf., part 1, vol. ixi, 1897, p. 914. 

< Braim, ibid., part 1, vol. xsvi, 1890, p. 614. 
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different treatment to those whicli demand the agency of one or more 
intermediate hosts before attaining sexual maturity. In the manage- 
ment of all such experiments, however, there are certain precautionary 
measures which must be observed. It is of paramount importance to 
make sure that the animal to be used as a host is free from Helminthes ; 
or, at any rate, from those which form the subject of the experiment. 
Hepeated microscopic tests of excreted material will show whether 
eggs are present or not ; but the absence of eggs from the excreta is 
by no means a certain proof of the absence of Helminthes from the 
excretory organs. It may happen that the animal harbours parasites 
which have not attained sexual maturity and which do not, as yet, 
deposit eggs. Where infection is proved, it is rarely possible to free 
the animal from worms, and, in any case, anthelmintbic measures 
could only take effect upon worms present in the intestine. Again, 
the employment of young animals and sucklings does not guarantee 
more than freedom from parasites, which might have been present in 
media to which the animal has been denied access. It does not safe- 
guard against infection by swallowing insects or other small animals, 
or against infection with developmental stages (eggs containing 
embryos, larvse) present in the excreta of the mother. Suckling 
kittens and puppies, for instance, frequently harbour Dipylidium 
caninum, transmitted by ectoparasitic insects, and Ascaris canis, the 
eggs of which they have swallowed. 

The only possible method is to keep the animal isolated under 
conditions of the most scrupulous cleanliness, and to feed it upon 
perfectly untainted food. This, however, is more easily said than 
done. Better results will be obtained if several animals are used for 
experiment at the same time and examined at regular intervale ; or 
a single individual may be treated with infective material over either 
a prolonged period or several short ones, the examination being made 
soon after the last infection. It is possible by these means to obtain 
the parasite in its successive developmental stages, from the early 
stage used as the agent of infection to the final adult worm. If, 
during the entire course of the experiment, the possibility of infection 
by other means is carefully guarded against, these results should be 
conclusive. It is not always easy to prevent spontaneous infection, 
but every precaution should be taken. The animals should be housed 
singly in cages which are easily cleaned out, and which must be 
scrupulously kept. Their food and drink mast be above suspicion. 
The domestic animals are most easily managed, especially those which 
have been reared in captivity through several generations. Unfor- 
tunately, however, their uses are limited, as they can be used for 
experiment only when they happen to be the right host for the 
particular species of parasite under investigation. 
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Where it is desired to obtain intermediate encyated living stages 
irom certain hosts, the microscopic examination of the excreta is 
naturally useless. Infection is never proved by this means and other 
measures are successful in a small proportion of cases only. Thus, 
trichinosis may be diagnosed by examining under the microscope 
small portions of the muscular structure taken from the living animal. 
The results are here, to a large extent, dependent upon chance, 
although the probabilities of success will be increased by fregneot 
repetition of the tests, or by the finding of stages in process of 
transformation. 

It must not be forgotten that, when handling Helminthes which 
are parasitic in man, there is considerable danger of self-infection 
unless suitable precautions are employed. Moreover, the beginner is 
earnestly warned against all experiments with man as a host. These 
should be left to experienced scientists who are in a position to guard 
against the risks inseparable from such undertakings. 

In the great majority of cases, infection with Helminthes takes 
place by the mouth, though in a few isolated instances it may occur 
by way of the skin {Ankalostomum strongyloides) . In cases where 
the life-history of the parasite is already known, the host-species into 
which it should be introduced is readily ascertainable. This applies 
also to those parasites {many Nematodes) whose history does not 
include an intermediate infective stage. But where the intermediate 
stages, or the hosts in which such stages develop, are not knovm — or 
where these are known, while the definitive host is unknown — the 
finding of an animal of suitable species in which to carry on the 
experiment is attended by difficulties which are frequently insur- 
mountable. In cases such as these, we are forced to fall back on the 
results of previous experiment and, after duly considering all the 
species which, by their life-history and nutritional habits, might serve 
as intermediate or definitive hosts to the parasite under consideration, 
to select the one for experiment which appears to offer some likelihood 
of success. The conclusive test is furnished by the results of the 
experiment. Occasionally, however, the introduction of parasites 
into a host of suitable species is unattended by success. Failure in 
such cases is due to some technical error, or to changes, the signi- 
ficance of which has not been understood, in the nature of the infective 
material itself.' 

' Thus R. Lenckort wa& uneucceBsfol in infecting himself with Aacarit lumbrieoidtt 
by inecme of eggs containing euibrjoB. This led to the erroneous Buppoaition that 
A. lumbricoidei required the agency of an intermediate host before attaining its final 
development in man. The tailute waa due, however, to quite another cause. The 
egge which were ased for experiment had lost their albuminous eovetope, with the 
result that, on reaching the stomach, the embryos which tliey contained died. The 
observations of other aalhors show that, had the albnminotis envelope been perfect, 
infection would moat certainly have resulted. 
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The Trichocepliales (T. affinis ot sheep, T. crenatus of swine, 
T. depressiusculus of dogs, T. unguiculatus of rabbits and liares, 
T. nodosus of rats) supply material for direct infection by means of 
eggs containing embryos. The eggs should be removed from the 
uterus and cultivated in water or damp earth. As a rule, development 
proceeds slowly and many e^gs perish in the process. As soon as the 
embryos are formed, the eggs are mixed with a suitable vehicle, such 
as milk, sop, &o., and introduced by the month into the animal 
selected for the host. According to Leuckart and Grassi, Tricho- 
cephates will be fully formed at the end of four to five weeks and may 
be seen microscopically in the cEecum. The young forms, which are 
exceedingly small and only to be detected with the aid of the micro- 
scope, will be found in the intestinal mucus. They appear six to ten 
days after infection — never later, though sometimes earlier — and they 
will be found in an already infected animal, if a second infection is 
induced a few days before examination. 

The Ankylostoma varieties may be taken as examples of parasites, 
the larval staple of which emerges from the egg and attains a certain 
stage of development before introduction into the final host. A good 
substitute for the A- duodeyiale of man is A. trigonocephalum, found 
in dogs and foxes. The dog should be used for experiment. The 
eggs are best cultivated in the faeces of their host by the method 
described above, bone-black being mixed with the fsecal material and 
water used to dilute it. The larvte are isolated by pouring oflf the 
water and filtering it. They invariably fall to the bottom of the 
water and will remain alive in it for months. They are useful for 
purposes of infection only after they have shed one skin and are 
preparing to shed another. This takes place soon after they have 
left the shell. The ripe larva is recognized by the presence of an 
envelope, detached at the head and tail, which represents the cuticle 
immediately before sloughing. Certain changes will also have taken 
place in the shape of the body and the pharynx. This description 
applies equally to larvte of A. duodenale of man. According to 
Leuckart, the sloughing of the larvse of A. trigonocephaluvi of dogs 
takes place during the free stage. This parasite, hke the species 
found in man, does not undergo any further transformation until 
after its introduction into the body of the definite host. This is 
effected directly, by means of water or earth containing larvos. If 
infection is very severe, the host will perish in about ten days. 
Vomiting sometimes occurs soon after infection, and this is very 
hable to endanger the result of the experiment. The best hosts are, 
undoubtedly, young dogs. 

The difference in structure, especially in that of the excretory 
organs, between the larva and the adult parasite is very great and is 
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effected by means of numerous transrormatioiis. Tbese take place 
duriDg the fourteen days following infection and are characterized by 
repeated sloughings. Some of the transformation forms are given 
in fig. 46. 



Fio. i6.— 1, Larva of Slrongyloides slercoralia. 2, Larva of Ankylostoma duodetmU. 
(After Leichtenetern.) 8, Ankylostoma daodeiiale, four daja after its introduction into 
tbo body of n d(^ ; 190 : 1. 4. The same, at the common cement of (be second developmental 
stage (6—6 daja| j 105 : 1. 6, Two waeke after introduction into the body of a doR ; the 
parasite is abowii in the act ol sloughing ; 42 : 1. (After Loosa.) 

Ankylostoma may also enter their host by way of the ekin, Loosa 
proved this conclusively by experiments upon himself with water 
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containing larve of A. duodenale. Upon another occasion, a drop of 
water containing larvce was spread upon the skin of a living limb 
shortly before amputation, and the portion of skin which had been 
wetted was examined immediate!}' after the operation. This experi- 
ment, though offering conclusi™ proof of penetration only, showed 
very distinctly the manner in which this was effected, the iarvce 
entering mainly through the hair-follicles and shedding their skin in 
the process. The experiments which Looss performed upon himself 
proved, not only penetration but infection also; that is, worms were 
subsequently found to be present in the bowel. These results have 
been confirmed by other authors and may be verified by means of a 
simple experiment. All that is necessary is to bring water or earth 
containing larvse of A. trigonocephalum into contact with the skin of 
a dog, and to keep the place covered with a bandage for one to two 
hours. The larviB will penetrate the skin of young dogs more readily 
and in larger numbers than that of full-grown dogs. For this reason 
puppies frequently die, while older dogs bear infection very well. 
Upon examination of the intestine, however, comparatively few worms 
are to be found, the majority appearing to perish in the course of their 
wanderings. It will, of course, he understood that when introduced 
by the mouth, the parasites attain sexual maturity more quickly than 
when introduced by the skin. The larvro do not ripen except in the 
bowel and, in the latter case, they only reach it after a long journey. 

The Cestodes, the digenetic Treraatodes, and certain of the 
Nematodes require the agency of two, and sometimes three, distinct 
host-species in order to complete their life-history. There is, first, 
the definitive host, almost invariably a mammalian, in which the 
worm attains full size and becomes sexually mature ; and second, 
the intermediate host, in which the embryo or larva develops into 
an encysted intermediate stage, either directly or after asexual 
multiplication. 

T tenia crassicollis of cats is a Cestode eminently suited lor 
experimental purposes. The Cysticercus stage is passed in the liver 
of rats and mice. The parasites may be reared in the following 
manner. The mature eggs, which are formed in vast numbers, are 
obtained by pricking tlie uterus of a ripe proglottis from the cat. 
They are transferred to bread soaked in milk and the mass is used 
to feed white mice. If the eggs are mature and the mice healthy, 
the results are almost certain. The dose should be carefully 
regulated, however, as if too many of the eggs are swallowed the 
liver becomes very much changed and the mice will die in the course 
of the second week. 

As early as five hours after infection, free oncospheres will be 
found in, generally, the middle third of the small intestine. At the 
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end of niac hours, as well as at a later period, they will be found 
free in the blood-stream in the portal vein. It is a more difficult 
matter to catch them in the act of perforating the bowel-wall. The 
best method is to kill the host at the end of the first, or beginning 
of the second, day; rapidly to sever the small intestine at the 
mesentery ; and (o prepare it in series of sections. It will be neces- 
sary, however, to examine a large number of sections before finding 
one which shows the oncospheres within the substance of the bowel- 
wall. The developmental changeE which the oncospheres undergo 
in the liver, as well as the pathological changed to which they give 
rise, are best seen by means of sections cut from the affected organ. 
Where, however, the Cysticerci are solarge that they may be pre- 
pared singly, it is better to examine toe living object. The worm 
is of slow growth. Thns, the head does not make its appearance 
nntil twenty-five days after infection, while the suckers and hooks do 
not appear until forty days after infection. A large number of indi- 
viduals fail to develop and gradually perish, one worm only, though 
occasionally more, attaining complete maturity. 

The Cysticercus fasciolaris of Tania cransicollis as very distinc- 
tive. After the development of the scolex, they proceed to form a 
chain of proglittides, which lengthens with age and which differs 
only from that of the mature worm in having at the tail-end the 
characteristic Cysticercean bladder. Except that they are without 
genital organs of any description, the single segments exactly resemble 
those of the adult worm. 

Cysticerci in this stage of development may be introduced into 
suckling kittens or kittens which have just been weaned. This is 
done by holding the mouth open and placing a -Cysticercus at the back 
of the tongue, when a swallowing movement on the part of the kitten 
will propel the parasite into the alimentary canal. One cat may be 
given several Cysticerci, either immediately following one another, or 
at longer intervals. In opposition to the prevailing view, E. Bartels 
maintains that the only part of the Cysticercus which perishes, is the 
bladder. He believes that not the scolex only, but the entire seg- 
mented body, with the exception perhaps of tiie end-joints, continues 
its existence in the new host, that it becomes sexually mature, and 
adds to its length by the formation of new proglottides on to the old 
ones. 

Another subject for experiment, which is easily obtained and con- 
venient to handle, is Tamia serrata of dogs, the intermediate stages of 
which are found as Cysticercus piiiformis in the liver of rabbits and 
hares.' T. marginata is also obtained from dogs, and here the iiiter- 

' See R. Lenckaf t, \K. Monies . 
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mediate host 13 usually the sheep, in the omentum of which, after 

leaving the liver, the large bladder-worm, known as C. tenuicollis, 

develops. T. ccenurus is another parasite of dogs, the intermediate 

stages of which are passed in the sheep, the large Cysticerci, which 

form many scolices, being in this case found in the brain, where they 

originate the disease known as " sturdy." The dog also harbours 

T. echinococcus, the Cysticerci of which are known as Echinococci. 

These are characterized by the formation of brood-capsules contalDing 

numerous scolices, which develop in the liver of domestic mammals, 

but of which man is also a 

host. Experiments with this 

parasite should be carried out 

with utmost caution. 

The Cysticerci which occur 
in crustaceans, insects and 
worms, may also be reared 
artificially, but the task is a 
diflicult one. The better plan 
is to examine hosts which 
have become infected by 
natural means and, if a suffi- 
cient number of individuals 
are used for experiment, 



Fia. iB.—Tricho- 
Fig. 47.— Cysticerooid from Dipylidium earn- '*":'«• '*"^" (r>Bg.). 

num. Very much magnified. (Alter Grasei and M*'"- Magmfied, 

Boveni.) (Alter Pifigot.) 

Cysticerci in all stages of development will be found. The most 
convenient subject for experiment is Dipylidium camnum, the " cucum- 
ber " tapeworm of dogs and cats, the Cysticercoid stages oE which 
(fig. 47) occur in the dog-flea {Pulex serraticeps), and in the dog-louse 
(Trichodectes canis, fig. 48). These insects are ectoparasitic upon the 
bodies of dogs and cats, and, when teazed out, will frequently be 
found to contain Cysticerci. 

HymenoUpis murina, which inhabits the intestine of rats and mice, 
also passes through a cysticercoid stage, though without the agency 
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of a fresh host, development taking place within the intestinal wall of 
the definitive host. This stage may be seen after feeding rats or mice 
with ripe proglottides of the parasite (fig. 49). 

An excellent subject for the study of the digeoetic Trematodes is 
afforded by the liver-fluke, Fasciola hepatiea, which is readily obtainable 
from slaughter-houBes. Eggs, when taken direct from the uterus, are 
in varying stages of matm-ity, and only a certain proportion will 
develop in water. It ie better, for this reason, to use eggs which have 
been deposited, and these are usually found in 
large numbers in the gall-bladder of infected 
sheep. After several weeks the miracidia, 
which are long in shape and entirely covered 
with hairs (fig. 44), will emerge from the shell, 
and should now be brought into contact with 
the intermediate host. This function is fulfilled 
by a small fresh-water snail (Limnceus minutus, 
fig. 50), which must be quite young and into 
which the miracidia penetrate, shedding their 
ciliated coat in the process. Once within the 
body of the snail, the intes- 
„ b tine and nervous system 

undei^o retrograde changes, 
and the larvce become con- 
verted into sporocysts. In 
A the sporocysts, re diro provided 

^ with an intestinal apparatus 

are formed, and from these 
the cercariae are developed. 
The snails should be fed with 
water plants, lettuce leaves, 
&c., during the developmental 
period. When formed, the 
cercariaa leave their host and 
swim actively about in the water, where they appear as small whitish 
bodies. Finally, they cast their tails and, after creeping up the stems 
of water plants, they encyst above the level of the water.' 

Another subject which is easily procurable is Diplodiscus sub- 
clavatus, an Amphistomide which is frequently present in the terminal 
portion of the gut of frogs. The eggs when deposited contain the 
fully formed miracidia, which soon emerge and penetrate into small 
varieties of Planorbis. The cercarJEe encyst spontaneously in the 
water or on frogs.' 

' A. I.O0SS, "FestBchrift z. 70. Geburtst. E. Leuckarat," Leipzig, 1892. 




Pio. d9. — LoQgitudinBl 
section through a. villus of 
the small inteatina of a 
rat with a cygticercuB of 
HymetioUpUmurina. Mag- 
nified. (After Orassi and 
BoveLi.) 



Diap. a. Natural 
size, h, Mngnifieil. 
(After Leuckart.) 



Digitized b/GOOgIC 



126 PRACTICAL PARABITOLOGT 

The eggs o£ Paramphistomum cervi (= Amphistomum c<yiiicum), 
which are ot such frequent occurrence in the paunch of the ox, are 
also easily hatched. The miracidia, which are exceediagly active, 
develop in fresh-water snails of the family Physa.' 

Much interesting material for experiment is suggested by the 
current works on Helminthology. The student is offered a wide field 
for investigation for, although a large number of Helmintbes are 
known to us, the complete developmental cycle has been traced out 
in the case of but very few. 



CHAPTER V. 

EXAMINATION OF HELMINTHES AND OF THEIE DEVELOPMENTAL 

STAGES.' 

(1) Tkematodes. 

The majority of the Trematodes observed in man are extra- 
European in their occurrence, and but rarely available for purposes 
of experiment. Generally speaking, the European varieties are 
parasitic in man occasionally only, their normal hosts being the 
domestic mammals, and this applies to many extra-European varieties. 
Thus, Fasdola hepatica and Dioroccelium lanceatum are normally 
parasitic in the sheep; Opisthorchis felineus in the cat. All three 
species inhabit the galUducts of their host, but they vary in the 
frequency of their occurrence. The commonest is undoubtedly the 
liver-fluke (F. hepatica), which is practically always obtainable 
in Central Europe from the larger abattoirs. The lancet-fluke 
(D. lanceatum) is also to be obtained from slaughter-houses, though 
it is of somewhat less frequent occurrence than F. hepatica. 
0. felineus, the fluke of the cat, is confined in Germany alnaost 
exclusively to West and East Prussia. It occurs in other bests 
besides the cat in France, Holland, Scandinavia, Kussia, Hungary, 
Italy, Siberia and Japan. 

The three European varieties are not equally valuable as subjects 
for experiment. The liver-fluke, though readily obtainable, is ot 
but slight transparency and has considerable complexity of structure, 
these characteristics rendering it a somewhat diflicult subject for the 
beginner. The lancet-fluke and the fluke of the cat are, when obtain- 
able, better subjects for a first experiment. On account of their trans- 

I A. Looss, " Mera. de I'lnst. ^gj'pt-" ^ol- "i, 1896. 

' Before making pructical use of the inforniBtion contained in the folion-in^ 
chapters, the student is advised to sludy the Biibject in M. Braun'a " Animal 
Tarasites of Man." For Cestodes and Treuiatodes, Bronn's " Klass. u. Ord. d. 
Tierteichs " should be consulted. 
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parency they are readily examined in the fresh state and, if carefully 
preserved and coloured, show the details of their etructare with great 
clearneaa. Under the new sys- 
tem ot classification, moreover, 
they are emineotlysuitahle sub- 
jects with which to begin the 
Btady of the endoparasitio Tre- 
matodes.^ Should these varie- 
ties be unobtainable, the small 
transparent Trematodes found ^'' 
in the intestine of frogs, and v. 

which are easily come by, should j. 

be used in their place. Other Oot ,i. 

species inhabit the frog, which, 
thongh useful, are rather more 
difficult subjects for experiment. j 

They are found in the oral 
cavity, generally under the 
tongue; in the lungs, where they 
live in company with a Nema- 
tode, Bhabdonema nigroveno- "''■'■ 
sum ; and in the urinary bladder, 
where the monogenetic Trema- 
tode. Poly stomuminlegerrimum,' 
is also to be found (fig. 51). »" 

After their removal from the 
frog, the Trematodee should be 
put into some indt£ferent duid d. 

upon a glass slide, and covered 
with a cover-glass of sufficient 
weight to exercise a slight pres- 
sure upon the objects. The ^■ 
movements of the parasites at .f'^ 5i.-Poipfo»i«m inUgerrimum. Mag- 

first make them difficult of ob- hooks of the euoking disc, l.c.d., OpeniDgB of 

servation, but after an hour or 'he,oik.gianda(DotBho«-u). m., Mouth Oo(., 

' ootype. ou., Ovary, ail.. Sucker* of theattach- 

80 these will cease and the strUC- ment disc. C.r.cd., Transverse yolk-duct. Ut. , 

tutal details of the organs ^'"'^' coEtaining eggj- ■-■., Uoutu of the 

u. .ui, uigaiio yjgm3 v.d.e., Vaa deferens, v.d.i.. Ductus 

may be studied. The excretory vitello-inteBtinalia. (After Zeller.) 

' The digeoetio Trematodes were for a long time arranged under three headings, 
Monoalomum, Diaiomum, and AmphUlomum, claaaiflcation being based upon the 
nomber sjid position of tbe suckers. These three genera are now regarded as 
families, and are subdivided into numerous small classes, the basis of classi- 
fication, in tbie instance, being the arraagement and structure of the reproductive 

' The oral cavity harbours Dialomum ovoeaudatum, now Halipegut ovoeaudatu* ; 
three varieties are found in tbe lungs, Ditiomvm cglirtdraceum, now classed with 
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Eygtem, which, with the exception of the bladder, is usually empty and 
for that reason indistinguishable, will now fill and will be clearly seen. 

Six Distomes and one Ampbistome are found in the intestine of 
our native frogs and toads. The Ampbistome inhabits the terminal 
portion of the gut, and is distinguished from the Distomes by its 
sucker, which is placed at the hinder end of the somewhat barrel- 
shaped body. The sucking organ of the Distomes, on the other hand, 
is placed in the middle Hue upon the ventral surface of the- body, 
and has no relationship whatever to the excretory system. Tbe 
Ampbistome is Diplodiscus suhclavatus. 

The six Distomes inhabit the small intestines, and of these one, 
Distomum turgidum ^= Brandesia turgida, lives within the intestinal 
wall at the commencement of the duodenum. It is enclosed in a 
cyst nearly as large as a pea, which projects beyond the outer surface 
ot the bowel-wall, and from which the parasite must be removed for 
the purpose of examination. Tbe five other varieties lie upon tbe 
intestinal mucosa and are somewhat difficult of detection, on account 
oE their transparency and their small size. They should be sought 
with a magnifying glass among the folds of tbe mucosa; or the 
mucosa may be scraped off, diluted with normal saline, spread out 
upon a glass slide, and examined under a low-power microscope. 
The parasites will be recognized by their movements, and may be 
picked out with the spatula and put upon glass-slides. 

These five Distomidse are distinguished from one another by the 
position of the genital opening. In two varieties it is placed in 
the middle of the ventral surface, just in front of tbe sucker; in 
tbe other three it is situated at the margin of tbe body. Tbe 
stomach-tubes will be seen to vary in length, and they may be either 
long or short in species of either group. When "long" they will 
extend backwards for a considerable distance beyond the ventral 
sucker. Tbe parasite which has the genital opening upon the ventral 
surface of tbe body, together with short stomach-tubes which do not 
reach as far as the ventral sucker, is Bracfiyccclium crassicoUe = Dis- 
tomum crassicoUe (fig. 52); while that with long stomach-tubes is 
2>. endolobum — Opistkioglyphe endoloba (fig. 53). The two species, 
which are now recognized aa belonging to separate families, differ 
from one another in certain other respects. The testes, in crassicoUe, 
are placed symmetrically at the margin of the body close behind the 
ventral sucker, while in endoloha, they are placed one behind the 
other in the middle of the body and at some distance from the 

Haplometra, and two epecies of tbe genue Pneunumecet (Fneumoneeet variegattt* 
and P. timilia). In addition to the Polystomide eJretMiy mentioned, the uriniuy 
blcuider frequently harboure IHttomum cygnoideg, now called QorgoAera eygnoidei 
and Gorjoderina vilelUloba, though this is of n 
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ventral sucker. There is also considerable difference in the position 
of the ovary ; in the shape, position, and length of the yolk glands ; 
in the course of the uterus ; and in the form and size of the eggs. 
There are other minor points of difference which will readily be seen 
upon examination. 

Of the three varieties with the genital opening at the margin of 
the body, one, Distomunt claoigerum = Pleurogenes claviger (fig. 64), 
possesses long stomach -tubes and has the testes arranged symmetri- 
cally at the hinder end of the body. The other two are furnished with 



Fio. t^.—Braehycalium cratsieolU Pio. 53. — Opiithioglyphe endoloba 

mad,)- Slightly magaiGed. B.sg., (D^.). 47:1. (After Loobs,) The let- 

ventral Bucker. C. Cirrhus pouch. Urliig is tha same as in Fig. CI. Qg,, 

C.bl., Eioretory bladder. D., InteB- Genital opening, if., Ovary, 

tine. i).i^, Yolk-gland. H..Teaiea. 
M.tg. , Oiat sucker. Oes., (Esophagi 
Ov., Ovary. Ph.. Pharyni. U 
Utetus containing eggs. 

short stomach-tubes, and may be distinguished from one another by 
the position of the testes and ovary. When the ovary is behind the 
testes, the parasite is Prosotocus confusus (fig. S6) ; when the testes 
are behind the ovary it is Pleurogenes medians (fig. 55).' 

The preservation of whole specimens presents no difficulty. The 
parasites are fixed with Hofer's mixture, rinsed in alcohol, stained 
with alum-carmine, washed out in water, dehydrated by means of the 
alcohol stages, cleared in creosote, and mounted in balsam. 

' For further details the student is referred to A. Looss, " Die Distoinen ucaerer 
Fiaohe unci FrSsche," Btuttgurt, 1894. This work describea in detail all the varieties 
parEbsitic in indigenous 6sh and frogs, and la furnished with excellent diagrams. 
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Fig. 64.^ — PUurogenti claviger (Bud). FiO. t&.—Plturogenes medians (OUs,). 

47:1. (Altec Looss.) The lettering is tha 17:1. (After Looss.) The letteriog ib 
Bame as in flga. 53 and 53. Mxp, , excretory (ha same as in figs. 51 and 51. 
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Whole specimens of Opisthorchisfelineus and Dicroccelium lanceatwm, 
are prepared in a similar manner. The comparison of these with the 
Trematodes found in fro^s is very interesting because, though similar 
in size and form, they differ very materially in their anatomy (figs. 67 
and 58). 

The lancet-fluke has a long oesophagus and short stomach-tubes, 
and its genital opening lies close to the ventral sucker, immediately 
behind the spot where the stomach- 
tubes fork. In the fluke of the cat, 
on the other hand, the genital open- 
ing is some distance from this spot. 
The sexual glands {the testes arid 
ovary) of the lancet-fluke are behind 
the ventral sucker ; the targe, slightly 



eueker. Cb., Cicchus pouoh. D., 
Stomaoh-tubes. D«t,, Yollt-gland. fT., 
Testes. E., Ovary. Mt., Oral sucker. 



iobated testes being situated in front of the smaller ovary, which lies a 
little to the right. In the fluke of the cat, the sexual glands are at the 
hinder end of the body and, in this case, the ovary, which is small, is 
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placed diagonally in the middle line in front of the testes. The testes, in 
this parasite, are deeply indented, the anterior gland invariably showing 
four, the posterior gland five, lobes. The excretory bladder, which runs 
in an S-shape between the testes, is nearly always distended in O./eli- 
neus. In the lancet-fluke it is rarely seen, as it collapses in the fixed aud 
coloured specimen. When visible, however, it appears as a straight 
tube running from front to back. In both species, the position of the 
yolk-glands is exterior to that of the stomach- tubes, and in the fluke 
of the cat the yolk-glands are both absolutely and relatively longer 
than in the lancet-fluke. In the fluke of the cat they extend, rather 
across than lengthwise of the body, and are united in groups which 
are only visible in specimens in which contraction is slight. In the 
lancet-fluke, the follicles of the yolk-glands are rounded and they are 
not arranged in groups. The course of the uterus is not the same in 
both species. In the fluke of the cat it is restricted to the field 
bounded by the stomach-tubes ; it runs across this field in folds, which 
extend forwards from the ovary to the ventral sucker, leaving the 
hinder third of the body space entirely free. In the lancet-fluke, the 
uterus commences in the neighbourhood of the ovary and runs in close 
transverse folds (which occasionally extend beyond the central field) 
backwards, until it reaches the hinder edge of the body. Here it 
makes a turn towards the front, throwing out shorter folds towards 
the sides, until it reaches a position between the ovary and the 
posterior testis, whence it passes between the testes and, after forming 
a few more folds in the neighbourhood of the ventral sucker, it finally 
reaches the surface of the body close to the cirrhua pouch. If we 
imagine the uterus free from folds, it would run directly from back to 
front in O./elineus, while in D. lanceatum it would take a U-shaped 
course, the one branch (called "descending") extending in a backward 
direction until it merges into the "ascending" branch, which runs 
forward to the genital opening. The two branches are largely dis- 
tinguishable by the difference in colour of the eggs which they contain. 
The descending portion of the uterus contains the young eggs, which 
are a light brown in colour and which become gradually darker until, 
in the ascending branch, they are a brown-black. The difference in 
shape between the eggs of the two species should be carefully noted 
(figs. 82, 33). Another point of dissimilarity lies in the nature of the 
male sexual organs. D. lanceatum possesses a distinct organ of 
copulation, the cirrhus with the cirrhus pouch ; while in 0. felineus 
this function is fulfilled by the terminal portion of the vas deferens, 
which, as it is usually filled with spermatozoa, is easily made out close 
to the ventral sucker. 

The points of difference which have been described between the 
lancet-fluke and the fluke of a cat, may be taken as characteristic of 
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the manner in which the two tamiliea, Opisthorchis and Dicrocceliutu, 
differ from one another. Other species belonging to these families, 
hot proceeding from other hosts, di£fer in several minor particulars, 
of which space does not permit a description here. 

The liver-fluke (Fasciola hepatica) should first be examined in the 
fresh state, living material being easily obtained from abattoirs. It 
grows to a length of about 30 mm., and is found in the gall-ducts of 
sheep and cattle. In inTected animals, the vessel walls become thick- 
ened and encrusted, and tbev are frequently dilated to such an extent 
that the vessels stand out above the surface of the liver. To obtain 
the fiukes, the gall-ducts should be split lengthwise, when cystic 
pouchings containing flukes will frequently be found. 

The flukes should be wEtshed in normal saline, laid upon a large 
glass slide and carefully stretched with the finger, as they frequently 
contract when exposed to a temperature lower than that of the body. 
In appearance, the fluke is a largish, tongue-shaped body, which is 
prolonged anteriorly into a small, flattened, cone-shaped bead process. 
The difference between the dorsal and ventral aspects should be care- 
fully noted, the ventral surface being recognized by the sucker, which 
has a diameter of 15 to 16 mm. and is situated in the middle line at 
the point where the head-cone widens out mto the body. Close to it 
is the genital opening, from which the long curved cirrbus frequently 
projects. The scales, by which the anterior portion of both aspects is 
covered and which project slightly beyond the cuticular layer, are less 
easy of detection. They may be seen, however, if the parasite is taken 
up on the finger and, after carefully drying with blotting paper, 
examined with a strong glass. 

If a live fluke is pressed between two glass slides and held, either 
up to the light or over a white background, a good deal of the internal 
structure will be seen with a magnifying glass or low-power microscope, 
or may even be made out with the naked eye. It frequently happens 
that the stomach-tubes are filled, either entirely or in part, with a dark 
brown fluid, which acts as a sort of natural injection in showing the 
the course of the digestive organs. This fluid is blood which has under- 
gone certain changes. The oral sucker will be found at the tip of the 
head-cone ; behind it, in the middle line, is the pharynx, immediately 
beyond which the CBSophageal tube divides. At the level of the ventral 
sucker, the two branches of the stomach-tube diverge somewhat, 
though they almost immediately again approach the middle line, and 
this position is maintained through the rest of their course. The 
tubes in front of the ventral sucker are furnished with four to five 
slightly forked appendages, which extend forward and towards the 
sides. There are similar processes beyond the ventral sucker ; these 
are, however, much longer and divide up into numerous ramifications. 
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Upon the inner aspects of tLe tabes these processes take the form of 
small poucbingB (fig. 59). 

When the specimen is held against the light, the sides of the 
tongue-shaped body will appear to be granulated. These granular 
markings are the yolk-glands, which extend backwards along each side 
until they meet at the posterior tip of the body, leaving a transparent 
and lighter central 6eld of the same shape as the body of the fluke. 



Fia.59.—Fasciolahepatica, Fia. 60.— Fasciola hepatiea, L. Slightly 

L. 5:1. Youugparasitenith- magnified, i)., Commencement oF the intestiDe. 

out organs of capcoduction. Co., Yolk-gland. Dr. ,Ov&iy, O., Oral sucker. 

Oil., Uterus. S,, Ventral sucker. T., Testes. 

(After ClauB.) 

The hinder and larger portion of this field is occupied by the testes, 
which are very much ramified, and are less easy of detection than the 
yolk-glands. The uterus will, however, be readily seen on account of 
the opaque eggs which it contains, many of which are of a brownish 
colour. Its folds lie across the body in front of the testes, and may 
be traced to the genital opening. It is frequently possible to see eggs 
in process of extrusion from the mouth of the uterus. Close to the 
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tenniDal portion of tbe uteruB, between tbe ventral sncker and the 
bifurcation point of tbe Btomach-tubes, awbitish, crooked body is Been. 
This is tbe cirrhue pouch, and in dead specimens a portion of the 
cirrhus is usnally extruded from it. The bonndary between tbe field 
occupied by the uterus and that occupied by tbe testes is formed by 
tbe yolk-ducts, which, when filled with yolk-cells, appear as white 
threads running transversely of the body. Tbe longitudinal yolk ducts, 
which occur in the neigbbourbood of the yolk-glands and run parallel 
to the margin of the body, will also appear as white threads if they 
contain yolk-cells. At a point in tbe middle line, tbe transverse yolk- 
dacts combine to form a short irregular tube, running towards tbe 
head end of tbe body. This is tbe yolk receptacle, and in front of it 
is the sbell-gland (" Mehlis' body "), which appears as a whitish disc, 
about I'S mm. in diameter, and is composed of numerous pear-sbaped 
cells arranged radially. 

The details of the internal structure will not be seen with equal 
clearness in every fluke, but by examining several specimens the 
student will find that he is able to identify all tbe organs described 
above. Owing to its position, the ovary is rarely distinguishable in 
tbe living object. It is a ramified body, lying in front of the right 
horizontal yolk-duct, and is hidden partly by the folds of the uterus 
and partly by the follicles of the yolk-gland. 

Tbe distinguishing features of the liver-fluke with regard to form, 
armature and position of tbe suckers and of the genital opening, course 
of the uterus, pronounced development of the yolk-glands, ramification 
of the intestine, testes and ovary, and tbe exact duplication of tbe 
internal organs on either side of the body, may be taken as typical of 
the genus Fasciola as it is at present defined. These characten'stics 
should be compared with those of Dicroccelium and Opistkorchis, as 
well as with those of tbe genera of which tbe intestinal Trematodes 
of frogs are typical examples. 

The stomach-tubes and excretory system of fresh flukes may be 
injected with Prussian blue or other cold substance. The best instru- 
ment for this purpose is a glass tube drawn out at one end to a fine 
point, which, when filled with colour, is inserted into the oral sucker 
and pressed down into the pharynx. Tbe mass is expelled by means 
of an india-rubber ball attached to tbe large end of the tube, or by 
blowing down it until the organs are filled. Tbe beginner is very 
liable to push the point of the glass tube too far down into the 
pharynx and pierce the cesophageal wall. In this case the stomach- 
tubes will remain empty, but the excretory system will, as a rule, 
become filled. The excretory system may always be filled by pricking 
the body surface at any spot, though this method may give rise to 
■ more or less extensive extravasation. The better plan is to introduce 
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the glass tube into either the main excretory duct, which lies ia the 
middle of the hinder half of the body ; or into the excretory apertare, 
which is situated in the centre of the posterior margin. In either case, 
there is considerable danger of piercing the thin wall of the excretory 
duct, though the point is of no great importaoce, as a certain portion 
of the system is bound to become filled. 

Objects which have been successfully injected should be stretched 
with the finger, fixed in alcohol between two glass slides, cleared, and 
mounted in balsam. 

The organs containing yolk-cells (yolk-glands, yolk-ducts, and 
uterus) may be made to show up very distinctly by laying fresh flukes 
in Muller's mixture between two glass slides, and allowing them to 
soak until the yolk becomes brown. As soon as the parasite is fixed, 
the upper glass slide should be removed, either for a time or altogether, 
in order to allow the fixing fluid to act upon the surface of the body. 
The specimens are rinsed in cunning water, or in water that is fre- 
quently changed, dehydrated by means of the alcohol stages up to 
90 per cent, alcohol, cleared, in creosote, and mounted in balsam. 

The genital organs will be best seen if the worm is well pressed 
between two glass slides and treated with Hofer's mixture. The upper 
glass slide must be lifted from time to time, in order that the fixing 
fluid may have access to at least one of the body surfaces. The further 
treatment is carried out by the method described on pp. 99-100. 
The specimens most be very carefully dehydrated and should be 
stained with alum-carmine. Over-staining is counteracted by twelve 
to twenty-four hours' soaking with water, followed by dehydration, 
clearing, and mounting in balsam. 

Specimens intended for section cutting should be laid upon a glass 
slide, stretched with the finger, and fixed by pouring hot sublimate or 
other fixing fluid over them. They should be put through the alcohol 
stages and then divided transversely at the level of the transverse 
yolk-ducts. The two portions should be stained through with picro- 
carmine — this will take about twenty-four hours — the superfluous 
colour being afterwards rmsed out in water. They are then dehy- 
drated by carefully graduated alcohol stages to absolute alcohol, 
cleared in turpentine or xylol (very inflammable), and embedded in 
paraffin. The finished specimens should be attached to the glass with 
collodion clove oil ; but if the sections are to be further coloured after 
cutting, they should be attached to small cover-glasses by means of 
water, which is allowed to evaporate upon a thermostat. 

To obtain a minute knowledge of the structure of the liver-fluke, 
transverse and lougitudinal sections in series should be prepared from 
seTeral individuals. The beginner will find it sufficient, however, to 
prepare single sections from certain parts. Such are : transverse 
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sections from the posterior portion ol the body in the neighbourhood' 
of the testes (fig. 61); from the hinder end of the anterior portion 
in the neighbourhood of the ovary ; and one or more sagittal sections 
taken in the median plane from the anterior body-half, showing the 
oral sucker, pharynx, cirrbus pouch, and ventral sucker. One worm 
divided transversely into two will supply these more important 
sections, which should be carefully compared. The cuticle with its 
armature should be noted, as well as the muscular structure and the 
parenchyma. The student should then seek to identify the special 
organs. In transverse sections taken at the level of the testes, the 
stomach-tubes will be very noticeable, their side branches, which will 



Exg. 
Fia. 61.— HilH of a traneverae section from Fasciola Jiepatica, L., taken al tlie level ol 
the tsBtcs. 25 : 1. Cu.. Cuticle witb armature ; below it ore the ring, longitudinal, and 
transveres mueclra. D,, Stomach- tubes ; the hollow spaces are the blind blanches of the 
intestine which have been severed either diagonally oc transvereely. Dsl., Yolk-gland 
follioles. Exg., Excretory vessela. U,, Blanches of testes. Md., Median line. 

have been out through either transversely or diagonally, appearing 
as round or oblong cavities lined with a single layer of epithelium. 
At both the dorsal and ventral margins, numerous yolk-gland follicles 
will be seen. Those at the ventral edge approach nearer to the middle 
line than those of the dorsal edge; they do not, however, touch it. 
On the dorsal side, the space between the yolk-gland follicles and 
the middle hue is occupied by the larger branches of the testes, which 
also extend into the central field. A transverse section taken at the 
level of the ovary will show parts of this organ upon one side ; 
towards the centre, the uterus folds containing eggs will be seen in 
section. If the eggs have taken the stain well, the details of their 
Btmcture — namely, the lidded shell, germ-cell, and numerous yolk- 
cells — will be apparent. In sections taken a little lower down, the 
shell-gland will also be seen. Longitudinal sections through the head 
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eocl, close to the middle line, ebowthe relationship of the dififereot parts 
of the sucking apparatus (mouth, pharynx and ventral sucker) to one 
another ; they will also include the cirrhus pouch and, frequently, the 
cirrhus (fig. 62). 

Two species of Paramphistomide {Gastrodiscus homtnis and Clador- 
chis watsoni) occur in man, and it is expedient for this reason that 
the student should make himself acquainted with the structaral 
peculiarities of the Paramphistomatidce of mammals. The best subject 
is Paraniphistommn cervi, frequently found in the paunch of oxen. 



Fia. 62.— Fiwcioia hspatUa, L. 

LoDgitudiDal Bectioii id the median Fia. 63.— Af«torc'ii> fruncaluj (Rud.)., 

Uno througb. the nDtarior portion of 25 : 1. B*., Ventral sucker. D., Stomaich- 

the bead process, showing mouth, tubes. Dst., Yolk-glands, if.. Testes, 

pharyngeal sacs, pharynx and tBEO- A'., Ovary. i{«. , Becept&oulum seminis. 

phagus. JIagnified. (After Leu ckart.) UL, Uterus. 



Specimens should be killed in Miiller's mixture, alcohol, or sublimate, 
and cleared in creosote. A representative of the Schistomatidse will 
not be found in these latitudes, although Sckistosomum hcematobium 
occurs in man with some frequency in Egypt, and another species 
of the same family is found in cattle in Southern Europe. 

The varieties of Trematode parasitic to indigenous domestic 
mammals are not very numerous. The liver-fluke is found in the 
gall-ducts of sheep and, less frequently, in cattle, goats, horses, asses, 
and rabbits. The lancet-fluke, though rarer, may occur alone or in 
company with the liver-fluke, and occasionally "wanders" to the 
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luQgB, especially in cattle. Id the gall-ducts of cats and dogs, the 
fluke of the cat (Opisthorchis felmeus) is found, together with a very 
small variety, Metorchis truncatus (Bud.) (fig. 63), which does not 
exceed 2 mm. in length. Cats also harbour M. alhidus (Brann), the 
length of which varies from 2*5 to 3'5 mm.^ The liver-fluke is 
pathogenic to sheep, the cat-fluke to cats and dogs. 

Paramphistomum cervi (= Ampkistomum conicum, Bud.), occurs in 
the patmch of cattle, sheep, and goats. The worm is about 1 cm. in 
length, aud is attached to the macous membrane between the papillse 
by its hinder end. It is prepared by the methods described above. 

The Trematode fauna of domestic birds is somewhat more 
numerous. The following Echinostomes occur in the intestine of 
geese, ducks, and hens : Eckinostomum conoidetim (Bioch) = Dis- 
tomum oxycejihalum, Bud. ; E. reoolutum (Frol.) = D. echinatum, 
Bud. ; and E. recuruatum {v. Lstw.). These varieties are charac- 
terized by the possession of a collar, studded with hooks, at the 
anterior end. Prostkogonimus pellucidus, which is found in the 
terminal portion of the intestine of hens, is characterized by the 
position of the genital opening, which is situated anteriorly, close to 
the oral sucker. This parasite frequently penetrates to the oviduct 
of its host, becomes enclosed in the eggs, and may be found in them 
after they are deposited.* Of the MonostomatidEB, Notocotyle verru- 
cosa (Frol.), which grows to a length of 5 to 6 mm., is frequently 
met with in the csecum of geese and ducks; while grazing geese 
harbour Monosiomum arcuafum (Brds.). a parasite 20 mm. in 
length, which is found in the cellula iufraorbitaUs. 

The Development of Digenetic Trematodes. — The development of 
the ova, and of the miracidia from the ova, has been already described. 
Where the artificial infection of molluscs is not possible, indigenous 
fresh-water snails and mussels should be examined during the summer 
months, for cercariee, redise and sporocysts. The mollusc most 
frequently affected is Lim7ieeus stagnalis, which lives among water 
plants in stagnant ponds and glides over the surface of the water 
with dependant body. There are other varieties of the same or of 
allied genera {Planorbis, Paludina, Bitliynia, &c.), many of which 
live in quiet eddies of running water, where sporocysts are also to 
be found. The snails should be put alive into small glass vessels 
with sufficient water; the vessels should be covered and allowed 
to stand. If infected individuals ace among the snails, the cercariae 
will emerge and will be seen macroscopically, after about twenty-four 

' Braun, Cenlralb.f. Bakl. und Parat., vol. xif, 1898, p. B81. 
' Braun, CentraH. f. Bakt., Parat. und lit/., part 1, vol. zxix, 1901, p. 12; and 
2ool Jahrb. Sy»t., vol xvi, 1902, p. 67. 
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hours, as sm&ll whitish bodies in the water. Their inovemeiitB are 
somewhat rapid aod they remain at first in the neighbourhood of 
their host. They should be lifted out of the water with a pipette 
and put into a watch-glass or hollow glass slide with a little water. 
If they are now examined with a low-power lens, the peculiar nature 
ot their movements will seen. The anterior portion of the body is 
drawn up into a ball (fig. 64), while the tail moves ao rapidly as to 
be scarcely discernible. After a varying period of time, this movement 
slackens and the animalcule rests, or, with the aid of the suckers at 
the anterior part of the body, crawls about for a time at the bottom 
of the vessel before recom- 
mencing its swimming 
movements. The struc- 
ture of the cercariffl should 
be studied in living speci- 
mens under the micro- 
scope. This is done by 
putting them in a little 
water on to a glass slide, 
and using supports to pre- 
vent crushing by the cover- 
glass. The supports (strips 
of paper) should be of 
sufficient thickness to pin 
the parasite between the 
cover-glass and slide and 
thus prevent swimming, but not crawling, movements. The cercariffi 
are sufficiently transparent to allow of the organs being clearly seen, 
and especially is this the case just before they die. Many varieties 
have a boring organ within the oral sucker, and occasionally, though 
more rarely, eye-spots are seen. 

Cercarise are easily fixed and coloured ; they should be mounted in 
balsam. Large numbers should be treated in watch-glasses, single 
specimens on glass slides, the method being the same in both cases. 

The sporocysts and the redite from which the cercariffi are evolved, 
are obtained by breaking a snail, which is known to be infected, 
out of the shell, when the sporocysts will be seen as long yellowish 
bodies underneath the mantle. Sometimes they occur in the hver or 
in the sexual glands, and here also their yellow colour renders them 
easily recognizable. The material should be diluted with snail's blood 
or with normal saline, which should be spread out upon a glass elide 
and examined with a low-power lens. There is very little to observe 
in the sporocysts themselves ; they are quite simple structures, 
entirely filled with cercariie in various developmental stages. The 
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rediiE are slightly more complex. They are characterized by the 
poEsession oE an alimentary canal and, in the greater number of cases, 
it is possible to make out the pharynx, together with a portion of the 
Bingle straight intestinal tube (fig. 65). 

The pressure exerted by the cover-glass, and by manipulating and 
spreading the material upon the slide, will set free many cercarite in 
various stages of development. These should be carefully studied. 
It is more expedient, however, to remove the sporocysts without 
subjecting them to pressure, fix tbem in hot sublimate and, after 
staining, cut them into longitudinal sections. 

The sporocysts of certain varieties are branched ; 
such are those which occur in the snail {Succitiea 
amphibia), and in certain mussels {Aiiodonta, Unio). 
In both these instances, the cercarite show consider- 
able divergence from the type described above. 
Those which develop from the sporocysts found in 
Succinea are not provided with a tail and do not 
emerge from the sporocyst, but encyst in its blind 
branches.' The cercarice which are found in the 
mussel varieties, on the other hand, emerge from 
the sporocyst and are provided with a tail which 
is split along its entire length.' Cercarice with par- 
tially split tails are occasionally found in Limnteidce, 
while cercarice with blunt tails are found in land- 
snails. 

Instructive material is also furnished by en- 
cysted Treraatodes, some of which, while in this p,Q C6. — Reai* 
stage, become sexually mature and form eggs. They ot Echiiiottomum 
are found in widely different organs in hosts of water '^miiii. Mag^ 
many species, both vertebrate and invertebrate.* niaed. (After Leuck- 

(2) Cestodes (Tapewobms). 
Of the tapeworms parasitic in man a small number only have any 
very wide distribution, and these are principally met with in Central 



' Infected Succinea may be recognized by tbe tentacles, which become very 
swollen and through the thin walls of which a brightly coloured cylindrical atructure, 
which ia actively motile, may be seen. This structure is the mature blind end of the 
sporocyst. Bee Zeller, Z. f. wist. Zool., xiiv, 1874 ; and O. A. Heckert, Bibl. xool. 
vol. iv, 1889 ; also Broiin'a " Kl. u. Ordn. d. Thierr." 

* This cercaria is known ob Bacephalui and is a developmental stt^e of Oaitcro- 
ttomuin, which inhabits the intestine of predatory fish. See Ziegler, Z. f. wiai. Zool., 
vol, xxxin, 1983 ; and Bronn's " Kl. u. Ordn. d. Thierr." vol. iv, 1 a. 

1 der Helminthologie," Hanover, 1878 ; Nachtrag, 
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Europe. They are Tania saginata, T. solium, and Dihothriocephalux 
latus. The last-named is found in certain districts only, where it 
is also parasitic in the dog, the cat, and the fox. The two Teenia 
varieties are confined solely to man and they may be extra-European 
in their occurrence. To these three species Hymenolepis nana mnst 
be added ; it is native to the districts bordering the Mediterranean, 
though it is also met with farther north. It is a specific parasite of 
man. All other European tapeworms, and probably also those which 
occur outside Egrope, are only occasional habitants of man, their 
normal hosts being mammalians of other genera and in one (doubtful 7) 
case, of birds. To these belong Dipylidium caninum of dogs and cats ; 
H. diminuta of rats and mice, which has been encountered only ia the 
South of Europe and outside it ; and H. lanceoiaia of geese and other 
fowl, which was upon one occasion found in a man at Breslau. Man 
may also harbour the Cysticercoid stages of certain worms. To some 
of these be is also the definitive host (T. solium, T. saginata) ; others, 
again, only attain maturity in otber mammalians {T. eckinococcus of 
dogs) ; while, in a certain proportion of cases, encountered only in 
Eastern Asia, both the adult parasite and the host which harbours 
it, are unknown. 

The varieties most easily obtainable in Centra) Europe are : 
T. saginata of man ; Dipylidium caninum of dogs and cats ; 
H. diminuta of rats and mice ; and H. lanceolata of geese. T. solium, 
which was formerly very prevalent in Northern Germany, has now 
become scarce,' while Dibothriocephalus latus is very limited in its 
distribution, being found only in the coast districts of Northern 
(zermany (especially towards the east), in the neighbourhood around 
Starnberg, and in Switzerland. Of the Cysticercoids observed in man, - 
those most easily obtainable are : Cysticercus cellulosa:, of the T. solium 
of swine; C. boois, of the T. saginata of cattle; and Eckinococcus 
veterinorum, of the T. eckinococcus of cattle, swine and sheep. 

Cestodes should be examined as follows: A whole worm should be 
washed in tepid normal saline and then put into a shallow glass vessel 
of sufficient size, together with clean normal saline, and placed upon 
a dark background. Preserved specimens are taken out of the vessels 
in which they have been stored and are put, with the preserving fluid, 
into shallow bowls or on to plates. The worm will be found to consist 
of a varying number of segments or proglottides, which increase in size 
and alter in shape towards the posterior end. At the anterior end is 

' A good BubEtilnte for demonatration purposes is T. cratticollU of cats or, better 
Btill, one of the larger varieties (T. marginala, T. aerrata, T. canurta) from dogs. 
Cestodes which have been expelled by means of anthelminthics from man, are 
usually ageless for histological purposes. 
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the neck, a homogeneous portion of varying length, which terminates 
in the bead. In all Tceniidte, the head is furnished with four suckers 
arranged radially (only to be made out in small species with a strong 
lens or microscope), and, in the greater number, it is crowned with 
a roateUum. This rostellum, which is frequently more or less 
invaginated, varies considerably in shape and is furnished with hooks. 
In Bothriocephalus, the head is elongated and possesses two longi- 
tudinal furrows of varying depth, which are continued into the 
suctorial grooves. Owing to the fact that the dorso-ventral diameter 
is less than the transverse diameter, the head usually lies over on its 
side, and for this reason the grooves appear to be placed laterally. 

The proglottides also show considerable divergence of form. Those 
at the head end are broader than they are long, and they increase in 
size and in structural development as they progress towards the tail 
end. At the lateral margin of the larger Ttenise a slight eminence, 
more or less distinctly denned, will be observed. This is the genital 
papilla, with the genital opening at its summit. In the greater 
number of species, the papillee alternate with comparative regularity; 
in Hymenolepis, however, they are always placed at the edge of the 
left margin, while in Dipylidium there are two genital openings to 
each segment, placed one in the centre of either lateral edge. 

The genital pore is always furnished with two openings, those of 
the cirrhus and the vagina, while iu Pibothriocephalus there is a 
third, namely, the uterine opening, from which the eggs are extruded. 
In the other Tceniidie there is no uterine opening to the exterior, the 
eggs being liberated only by the decomposition of the proglottides. 
The three genital openings of Dibothriocepbalus lie close behind one 
another, in the middle line, upon that flat surface of the body which 
is usually termed ventral. In well-preserved specimens they may be 
seen with the magnifying glass, though they are less easily made out 
in living material. 

The proglottides of all tapeworms vary according to their age, 
which, as they are formed successively from the neck, is in direct 
ratio to their distance from it. The youngest and narrowest pro- 
glottides do not possess anything in the nature of reproductive organs. 
These begin to appear in soniewhat older segments, becoming more 
developed the farther removed the segments are from the head. 
Those in which all the sexual organs are fully formed are called 
"mature."* As in most hermaphrodite animals, the male sexual 

' Proglottides with fally developed male and female orgariH are described in thie 
work ae ", mature." For thotie older proglottides, in which retrograde changes of the 
sexual glands hare already taken place and in which the uterus is tilled with the oval 
the term " ripe " is employed. — Translator. 
10 
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glands mature first and this maturity is followed by copulation, 
generally reciprocal. The ripe spermatozoa are stored in the recepta- 
cnlum seminis, a special enlargement of the vagina, until the female 
glands are ready to supply their products — 
the ovary the eggs, the yolk -gland yolk- 
cella. The fertilized ova pass into the 
uterus, causing it to unfold, while more or 
less complete retrograde changes take place 
in the getm-preparing glands, beginning 
with the testes. In the oldest ripe proglot- 
tides of the larger Tsenite, all that: remains 
of the sexual organs is the cirrhus-pouch, 
portions of the vas deferens and vagina, 
traces of the shell-gland, and the completely 
developed uterus. The uterus is composed 
of a main stem running from front to back 
in the median line, from which are thrown 
out on both sides a quantity of ramifying 
branches with blind ends, the number of 
which varies in different species. ■ The rami- 
fications of the uterus, together with the 
shape, size, number and arrangement of the 
hooks on the rostellum, are points of impor- 
tance in distinguishing between species. 

If a ripe proglottide of one of the larger 
Taenise of man, the dog or the cat, is pressed 
between two glass-slides and held up to the 
light, the uterus, which may be seen with 
the naked eye, will appear as an opaque tree- 
like structure in a transparent field. The 
appearance of the uterus in ripe segments 
of Dipylidium caninuvi, however, is quite 
otherwise. It is best seen in mature seg- 
ments which have been carefully stained and 
coloured, where it has the formation of a 
net, in the meshes of which the testes are 
Fio. 67.— Two mature pro. placed. After the entrance of the eggs, the 
SSg .?. ™.^,„S"':i "'""^ breaks up into p.rts, each containiDg 
the Mixufti organs in the large- several eggs, and a reddish granular mass 

S°4Ji^°i^.°d' °'°"""' is <«i'=«'»'J. "U<=1" «"'«l™" ">e eggs and 
cements them together in masses. After 
the disappearance of the uterus-wall, these egg-clusters lie free in the 
parenchyma and this gives to the ripe segments a reddish colour. 
The egg-clusters are easily obtained by teazing out a ripe joint (fig. 3G), 



Fio. 66.— Head and neck 
of Tania solium, L., show- 
ing the appoaniinac of the 
b^ in the large-hooked 
varieliefi of the Tiouiie o£ 
numinaU. 45: 1. 
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Eipe segments from the hinder middle portion of Dibothrio- 
cephftluB, if examined in the same manner, reveal other conditions. 
The proglottide is divided longitudinally into three fields, which differ 
in colour and in degree of transparency. The two lateral spaces are 
opaque and yellowish-brown in appearance, owing to the presence 
near the surface of innumerable little granules — the yolk-gland , 
follicles. The central field is more transparent and contains an 
apparently branched or rosette-shaped organ, in front of which is 
a rounded structure of whitish colour. The latter is the cirrhiis- 
pouch, while the rosette-like organ is the uterus, arranged, as in 
Fasciola hepatica, in transverse folds, which are here filled with 
broivnish eggs. The loops are approxi- 
mated in various degrees, enclosing wider 
or narrower fields, according to the state 
of contraction of the segments. End 
proglottides sometimes have the uterus 
partially or completely empty. This is 
owing to the fact that the uterus is fur- 
nished with an opening through which the 
eggs escape, while the sexual glands be- 
come atrophied and cease to form eggs. 

The terminal segments of tapeworms, 
as is well known, are released, either 
singly or in numbers, and are conveyed 
to the exterior in the fjeces of their host. 
If this has not as yet taken place, it is 
certain that the specimen under examin- 
ation is comparatively young. In such ^ig. 6S.-Ripo proglottides of 
a case, the terminal proglottides of Tamia solium (leltj and T. 
the greater number o( cestode specie., S^ti"!!''!!,."'.™™'. t tt 

if not all, will be smaller in size than in lai^a-hooked Tteniffi of maminals, 
the adult worm, and will be deficient in ' ' 
sexual organs. 

The student should be on the watch for abnormalities of structure. 
In Bothtiocephales these are usually doe to the interpolation of wedge- 
shaped joints, though fenestration of single or of successive joints 
is also frequent, as also the absence or incomplete formation of the 
line of demarcation between the joints. Duplication of the genital 
pores, as well as of the genital glands ; reversal of the genitals ; 
bifurcation of the segmented body, and duplication of the entire 
worm, which then assumes a triagonal form, are also malformations 
which are not infrequently met with. 

Before preparing fresh, Cestodes for permanent preservation, a 
ripe proglottide should be detached and teazed out on a glass slide 
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for the purpose of obtaJDing the eggs. This maiiipulation serves also 
to show the calcareous bodies, which are recognized by their high 



Fio. 69. — Central portion of a mature segment of Dipyiidiii 
Cb.', Girrhua pouoh. D., Yolk-gland. Exg., Excretory vessel. H., TesCea, 
v., Uterus. V., Vagina. (Aftec Neumaim and Bailliet.) 



refractivity and their concentric Btratification. They are situated in 
the parenchyma and, when present in lai^e nuiubers, give to the 
worm its chalk - white 
appearance. Cestodes 
in which but few cal- 
careous bodies are pre- 
sent, are yellowish- white 
in colour and are of 
greater transparency. 

Whole preparations 

should be made of the 

head, of mature, and of 

ripe proglottides, and 

sections of these parts 

should also be prepared. 

The preparation of 

ripe segments whole 

offers no difficulty. The 

fresh proglottide is 

pressed between two 

cover - glasses, fixed in 

Fro. 70.-Matnre proglottide of Dibothrioeepkalu, alcohol, and treated With 

lalus{L.]. The lateral fields contain the numerouarollc- alcohol and glycerine, in 

gland folliclee [ the central field contains the cirrhuE- „,i,;„i, ;* ;^ »iin..,».4 » 

^uoh, uterus, vagina, oTary, and BheU-gland. 16:1. ^''1'=^ " ^^ allowed to 
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remain until the alcohol has evaporated and the specimen lies in 
pure glycerine. It is then mounted in glycerine-gelatine. Or the 
segments may be fixed in alcohol, dehydrated in strong alcohol, 
cleared in creosote or oil of cloves, and mounted in balsam. 
Specimens prepared by the second method acquire considerable 
transparency, but the uterus, unless filled with eggs, is unrecognizable 
(fig- 68). 

Whole preparations of mature segments, if prepared in the right 
manner, show the entire reproductive apparatus with great distinct- 
ness. This does not apply to worms with well-marked muscular 
structure, such as T. crassicollis, though, with this exception, the 
method may be employed tor the varieties which have been men- 
tioned. One or more segments, in a suitable stage of development, 
should be taken from the anterior middle portion of the worm and 
killed by the method described on pp. 100-101. After the final alcohol 
stage, they should be stained with well-diluted ammoniated carmine, 
or with alum-carmine. They are differentiated — in the first case, 
with slightly acidulated water, in the second with pure water — and 
mounted in gelatine or balsam. If the sexual ducts are empty, their 
openings will not be visible. For this reason it is advisable to prepare 
a large number of segments, in one or other of which the ducts will 
eventually be seen (figs. 67, 69, 70). 

In the case of Tceniidee, preparations such as these show not only 
the genital organs, but also portions of the excretory system, especially 
the large canals at the lateral margins of the joints and the trans- 
verse ducts at the posterior border. The smaller tributary vessels are 
rarely visible. In Dibotbriocepbalus the excretory system is net-like 
in character, and is best seen in the fresh object. 

The head is prepared in a similar manner. In the case of the larger 
and mote muscular varieties, however, a good deal of pressure is required 
before the suckers and rostellum are seen, and the head will become 
flattened out of shape in the process. The Cyaticercoid stages may 
also be treated by this method ; this subject, however, will be dealt 
later. 

For purposes of more minute investigation, series of sections, taken 
in different planes from mature proglottides, are very instructive. As 
a general rule, however, single transverse sections through certain 
zones of mature proglottides from a variety of Taenia and a variety 
of Bothriocephalus, will be found sufficient. They should be cut at 
the level of the testes, of the ovary, and of the cirrhus-pouch. The 
proglottides should first be fixed with hot sublimate and then stained 
with picro-carmine. 

The first point to be studied in the finished section is the structure 
of the proglottide. A transverse section is ribbon-like in shape, and is 
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rounded at the lateral edges. It is enclosed in a homogeneous cuticle of 
moderate thickness, within which, with the aid of a strong glass, is seen 
a second, thinner, homogeneoas layer — the basement membrane. This 
is intimately associated with a thin muscular structure, composed 
of transverse and longitudinal fibres, the ends of the longitudinal 
fibres appearing in the transverse section as small bright discs. 
Within this structure is the so-called subcuticular layer, composed 
of spindle-shaped cells arranged radially, which, in the section, have 
been split along the axis-line. These cells resemble epithelial cells 
in their arrangement, but they do not constitute a true epithelium. 
If very thin sections from an uncontracted proglottide are closely 
examined, it will be seen that the cells are separated from one another 
by parenchyma, and that they do not all lie at the same level. The 
parenchyma itself is very difficult of examination, and its structure 
is differently described by different authors. It fills the entire space 
enclosed by the subcuticular layer, and in it are embedded the 
calcareous bodies, the various organs, and the longitudinal muscles. 
The longitudinal muscles are situated in the peripheral zone, and 
their development varies in different species. Their inner surface 
is everywhere bounded by transverse muscles, which enclose the 
central field. The part of the section within the transverse muscles 
is called the "middle-layer," while that outside it is called the 
"cortical layer." By treating the specimen with some acid solution, 
the carbonate of lime which the calcareous bodies contain will be 
released, and they will become clear. 

In addition to the muscles already described, single fibres running 
in a dorso-ventral direction, with brush-like ends which reach the 
basement-membrane, will be seen. These are the parenchyma 
muscles. 

With the exception of the peripheral portions of the cirrhus, 
cirrh US-pouch, and vagina, all the sexual organs of Tseniidte are 
included in the middle layer. In Dibothriocephalus, the follicles of 
the yolk-gland — which are of considerable size and are equally dis- 
tributed upon both sides — lie outside the longitudinal muscles and are 
also included in the cortical layer, which is, moreover, penetrated by 
the uterine orifice. 

Sections of TEcnife will show the lumens of the excretory canals 
(fig. 71). Two are placed at each lateral extremity of the middle 
layer, the external tubes being larger than the internal ones. In the 
neck and in young proglottides, these tubes are of equal diameter ; the 
two inner ones, however, begin to decline with increasing growth and, 
in the ripe segments, they have usually completely disappeared. 
Externally to the larger tubes, on both sides of the middle layer, lie 
the cut surfaces of the nerve-cords, accompanied, in each case, by two 
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amaller strands placed dorsally and ventrally of the main cord. They 
appear as finely dotted discs. In Dibothriocephalus, these nerves lie 
closer to the middle line, well wilhin the middle layer ; while the 
excretory vessels, the net-like formation of which has already been 
described, appear as variously-shaped gaps in the parenchyma of the 
cortical layer. Sections of Dibothriocephalus differ, moreover, from 
those of the Taenia varieties in the arrangement of the reproductive 
organs. These will be readily identified, however, if their arrangement 
has been previously studied in whole specimens. 

Eig. 



Tnn. 



Fig. 71.— Half of a transverae Bection itom a maturs proglottide of Ticnia craaaicoUis. 
Cu., Cuticle. Es'g., External eioretory Tessel (to tlie right of it is the intornal excretoiy 
veasell. H., Testee. Lm., Longitudinal muscles. N., Nerve cord with accompanying 
strands. Sci., Subcutioular cells. Smn.. Sub-median nerve-cord. Trm., Traaavocse 
muscles. Vt., Uterus. 44 ; 1. 

7,"!. Cu. Sc. 



Fir.. 7-2.— Halt of a transverse section from a proglottide ol Dibolhriocephalua lattu, 
taken at the level o£ the eirrhua-pouoh, C. Cu.. Cuticle. D., Yolk-gland folliol«a. 
H., Testes. Lm., longitudinal muscl as. N., Nerve.oord. Sc, Subcuticular layer. Tm., 
Transverse muBcles. Ut., Uterug. 30: 1. 

The beginner should not fail to make sections of the head in order 
to make himself familiar with the structure of the suckers and, in 
the case of the TEeniidte, of the rostellum. Sections of the rostellum 
should be taken transversely. The study of the nervous system of 
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the head is a more difficult matter and is odIj to be carried out by 
meaos of sections in anbroken series. 



Examination of Cysticercoid i 



The Cysticercoid stages {Gyaticercus tenuicollis) of the T^nia 
marginata of dogs, which undergoes development in the omentum of 
sheep, are readily obtainable from abattoirs. On account of their 
large size, they are very suitable subjects for a first examination of the 
structure of Cysticerci. When fresh, the Cysticercus is generally still 
enclosed in the cyst, derived from the tissues of its host, which must 
be opened with great care to avoid damaging the inmate. Attached 
to the body of the Cysticercus is a chalk-white, cone-shaped formation, 
which projects in a varying degree above the surface of the bladder, 
and at the free end of which an orifice, into which a bristle may he 
inserted, is situated. This projection is the head-cone. It is a hollow 
organ with thick walls which are continued inwards, and it contains 
the head parts of the future tapeworm (suckers, rostellum), which 
develops inwards within the hollow. As soon as the Cysticercus is 
imported into the intestine of the definitive host, namely, the dog, the 
head-cone becomes completely everted and forms the scolex of the 
fature tapeworm, the bladder at the same time perishing. In Cysti- 
cercus tenuicollis, as in many other species, this process of evagination 
frequently begins in the intermediate host, and it may he completed 
by artificial means in the isolated specimen. The parasite should be 
held just below the bead-cone in the finger and thumb of one hand, 
while a regular pressure from within outwards is exerted with the 
lingers upon the head-cone. The head-cone will lengthen and, if the 
manipulation is repeated several times, it will turn inside out and will 
bang down as a fiat, wrinkled, contractile band upon the surface of 
the bladder. If pressure is now exerted upon the free end, the head 
will finally become everted, springing out with a sudden jerk. It will 
appear as a round body of considerable transparency (owing to the 
absence of calcareous bodies) at the end of the chalk-white band of the 
everted bead-cone. It is not easy to examine the head in this condition 
because, as soon as pressure is removed, it is usually again retracted. 
The head should, therefore, be cut off from the head-cone, the peripheral 
end being laid upon a glass slide, and pressure should he exerted upon 
the cut end until the head again appears, when a cover-glass should 
immediately be placed upon it. It is frequently impossible to extrude 
the head completely, the rostellum remaining partially inverted. In 
this case the hooks, with which the edge of its summit is crowned, will 
have their points directed upwards instead of sideways. Successful 
specimens may, however, be obtained, and these should be fised 
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under the cover-glass in alcobol. They are treated with alcohol and 
glycerine, and finally enclosed in glycerine-gelatine. 

It is a more difficult matter to effect the evagination of the head 
in the smaller Cysticercoid varieties, such as C. cellulosce o£ swine, 
C. bovis of cattle, and C. pisi/ormis of rabbits. 
But in these more transparent varieties, the head 
is seen lying within the bladder and may he cut 
out. It should be pressed betvfeen two glass- 
slides and examined with a low power microB- 
cope. Good specimens may be converted into 
either stained or unstained permanent prepara- 
tioDB. 



Pio. li.—CystitxTcui 
piaiformu, with com. 
plebely evaginated head 
and body. 18:1. (Afber 
Leuckort.) 



In the case of the larger Tanise, such as T. crassicoUis, the 
rostellum and hooks of which are seen with the naked eye, it is 
easy to sever the protruded end of the rostellum with a razor, and, 
after clearing and mounting {glycerine or balsam), to examine it under 
the microscope. 

The Echinococcus is found in the liver and lungs of animals 
fattened tor slaughter, and is the Cysticercoid stage of the small 
T. echhwcoccus, which inhabits the intestine of the dog. The 
encysted parasite may grow to the size of an apple, though the 
cysts found in cattle are frequently sterile. In such cases, the bladder- 
wall is composed only of the cuticular layers and of the delicate 
germinal layer attached to their inner surface. In fertile Echinococci, 
the inner surface of the germinal layer shows numerous small, thin- 
walled bladders ; these are the brood-capsules, from the walls of which 
numerous scoleces have been derived, and these may he found in 
all stages of development. These scoleces will be seen if portions 
of the germinal layer are removed from the cuticle and spread out 
upon glass-slides, wherever possible in liquid from the cyst (fig. 76). 
To fix these, portions of germinal layer should be spread out on a 
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Email glass bowl coated with wax, or on a sheet of cork, and hot 
sublimate or other fixiDg fluid should be poured over them. They 
are finished in the usual manner. The form of the scolex and the 
shape of the hooks should be carefully noted, as these points have a 
diagnostic siftuificance. 

There is a variety of 
Echinococcus, almost in- 
variably met with in cases 
of human infection, though 
rare in cattle, which forms 
daughter - bladders. The 
daughter bladders lie with- 
in the mother-bladder, or 
between it and the sur- 
rounding cystic wall. They 
are structurally similar to 
the mother-bladder, which 
is the direct outcome of 
the oncosphere, and they 
are frequently sterile. A 
certain proportion form 
brood-capsules containing 
scoleces, while others, 
again, produce a second 
generation of daughter (or 
grand -daughter) bladders, 
similar in construction to 
themselves. By introduc- 
ing fresh Echinococcus 
beads into the pleural or 
peritoneal cavities, or 
under the skin, of rabbits, 
it has been shown that the heads develop into bladders, capable of 
forming brood-capsules containing scoleces — a fact as important 
practically as it is theoretically.* 

The Cysticercoid stages of Bothriocephalus, known as Pleuracoids, 
are found in certain fresh-water fish. In Germany, Russia, Italy, litc, 
these parasites are harboured by varieties of pike, burbot, and perch; 
in Switzerland by the Salmonidse ; and in Sweden by the CoregonidBe, 
The Pleuracoids are situated both on and in the viscera, as well as in 
the muscular structure. When the body-cavity is opened, they appear 
as white thread-like structures, generally somewhat doubled up, and 

' For further information regarding Cysticercolds. see p. 126. 



Fio. Ib.—Eehinococcut veleriTutmrn. The cyetic 
membraDe surroun ding the Ecbinocoocua is opened 
and turned back in five poinla. The Burfaoe of 
the parasite is seen with the brood- capeulea show- 
ing tQTOUgh it. (After Leuckart.) Natural size. 



Digitized b/Google 



EXAMINATION OF CY3TICERC0ID STAGES 



155 



1 to 2 cm. in length. They lie in the sexual glands, the liver, 
the mesentery, and under the peritoneal coverings of the intestine. 
They will also be found in the muscular structure, if this is cut with 
a broad knife tangentially into thin slices, and these slices are held 
either up to the light or over a dark background. The Pleuracoids 
are generally enclosed in tbin-walled cysts, though "wandering" 
Individuals are sometimes met with. The head is furnished with two 
suckers and is always invaginated. It will be projected, however, 
and the parasites wilt move actively about, if they are put into normal 
saline solution at mammalian body temperature.' 

A certain number of the 
Cestodes of the domestic 
mammals approximate in 
their development to that 
of T. solium, L., the arche- 
type of the genus Tmnia. 
These are T. crassicollis, 
Rud., of cats ; T. serrata, 
Gze.;T.viarginata,3a.tsch; 
T. ccenurus, Kuchenm. ; 
and T. echinococciis, v. 
Sieb., of dogs. To these 
may be added T. serialis, 
Baill., which occurs in dogs 
in France, and probably 
also in Bussia, though not 
in Germany ; T. krabbei, 
Moniez, which is parasitic, 
probably in dogs, in 
northern latitudes ; and 
certain varieties observed 
in wild mammals. The 
group is characterized 
by a homogeneous or- 
ganization, and the specific distinctions are: the number, shape, 
and size of the rostellar hooks ; the position, in ripe segments, of the 
uterus ; and certain minor features not to be described here. All 
the members of the group pass through a bladder-worm stage of 
development, which is termed variously: " Cysticercus " of T. crassi- 
■collis, serrata, via rginata, and krabbei; "Coenurus" of T. ccenurus and 



Fio. TG.— Portion of tlie germinkl Uyer from 
SchiTWCOCCUS veterinorum sptaad out &Dd viewed 
from tbe under side. Siugle brood- c&psuloa with 
Bcolices, which are developed both iuwardB aud 
outwards. 50 : 1. 



' When handling fish infected with PleuracoidB, or the flesh of cattle and swine 
infected with Cysticerci, grent caution should be observed. Self-infection may result 
from the contact of the fingers with stray Cysticerci or Pleuracoids. 
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serialis; and " Echinococcua" of T. echinococcus. The Cconurus 
forms many scoleces, while the Echinococcus forms brood-capsules 
and daughter-bladders, and from these many scoleces are formed.' 

Herbiveroua mammals harbour representatives of another group of 
TaDniidse, the Anoplocephales, The most interesting are those of the 
horse, which are characterized by very short overlapping segments. 
They are Anoplocephala pHcaia (Zed.), A. perfoliata (Gze.), and 
A. mamillana (Mehl.). The species are distinguished by peculiarities 
in the structure of the head, which is invariably hookless. In 
A. mantillana, a worm of about 5 cm. in length, the head is small 
and is furnished with lateral elliptical suckers. In the other two 
species, on the contrary, the head is large and the suckers are placed 
upon its summit. The variety most commonly met with is A. per- 



foliata. This worm attains a length of 8 cm,, and is characterized by 
four lobes, directed backwards, upon the head. In A. plicata, which 
grows as long as 80 cm., these appendages are absent. Owing to the 
length of the dorso-ventral diameter, the proglottides are diflBcult of 
examination. It is certain, however, that the formation of the genital 
organs begins in the segments next to the head, and is soon com- 
pleted; that the genital openings are all situated upon the same 
margin ; and that the genitals are arranged transversely of the pro- 

' The bladder-worm o£ T. era»»ieollU {Cy»t. fa»ciolari») is found in the liver o( 
rats aDd mice ; that of T. urrata {,Cy»t. puiformis) in the liver of hares ; that of T. 
marginaia {Cij»t. tenuicollia) in the omentum of sheep ; that of T. krabhei m the 
muBCular structure of Tarandiia rangifer ; and Ctenitrua cerebralia, tiie Cysticercoid 
stage of T. cccnurut, is found in the brain of sheep, where it gives rise to the disease 
known as "gid." C<enHTue aerialis, the hiadiier-wonn of T.terialia, is found in horea 
and rabbits. The occurrence of Echinococcus has already been given above. 
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glottide, the testes being placed dor3aIly, and the ovary and yolk-gland 
ventrally, while between them lies the uterus, completely developed in 
ripe segments only. The eggs are large and buUate, or polyhedral as 
the result of mutual pressure, and the embryonal covering or pyriform 
apparatus is prolonged into two branching horns.' 

The life-history of the Anoplocephales of the horse is entirely 
unknown, and this applies also to those of ruminants, of which a 
large number are known to us. In spite of the researches of 
Blanchard, Moniez, Perroncito, Bailliet, Stiles and Hassall, and 
Cholodkowsky, our knowledge of the subject is still very limited 
indeed. The species of Anoplocephahnes which occur in ruminants 
in Germany are: Moniesia expavsa (Rud.), M. denticulata (Kud.), 
and a variety which was at first called TcBnia ovilla, Kiv-., but was 
afterwards renamed T. giardi, Mon., and is provisionally included in 
the genus Thysanosoma, Dies. The two Monieziee (of which M. den- 
ticulata usually occurs in cattle, while M. expansa is more frequent 
in sheep) are, like all Anoploceph alines, devoid of both rostellum and 
hooks. Each of the short, broad proglottides is furnished with a 
genital pore at each marginal edge, which communicates with the 
cirrhus-pouch and vas deferens or vagina. There are also two uteri, 
two shell-glands, two ovaries, and two yolk-glands. The latter are 
situated near the lateral margins, internally of the excretory canals, 
while the numerous smalt testes (seen in mature segments only) 
are distributed among the female organs, and do not, as a rule, 
present a bilateral arrangement. The shape of the embryonal sac is 
also very similar; in both species it is drawn out into two long, 
unbranched horns, which, in M. expansa, are 4 to 5 metres in length, 
while in M. denticulata they attain a length of 40 cm. The species 
are distinguished from one another by the length of these horns, the 
rate at which the proglottides develop, and the occurrence of inter- 
proglotttdal glands. The latter are single-celled glands, which form at 
the posterior margin of the segment, and frequently occur singly. In 
M. expansa, however, they take the form of sacs, arranged in linear 
series and communicating with the body-covering (fig. 79). 

TcBJiia giardi, Mon., may grow to a length of 2 metres or more and 
is usually furnished with alternating genital openings, though in some 
segments these are duplicated. The greater number of segments 
possess a single genital apparatus, placed internally to the excretory 
canals, hut in some segments this may also be duplicated. The 

' C/. Z. Kahane, " Anat. v. Twnia- perfoliata " (Z. f. win. Zool., vol. xsxiv, 1680, 
pp. 174-254 ; F. Zachokke, " Eech. aur la Btruot. anat, et hiat. d. Cestodea," Oen^ve, 
1888; A. Scheibel, "DerBau der Tenia magna AbbUd." (T.plicata, Zed.), m.-Bies. 
(GieEsen), 1695. 
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position of tbe testes, however, is very characteristic ; in each segment 
they occupy a position in the narrow marginal fields external to tlie 
excretory canals, leaving the wide middle field entirely free. Tlie 
latter is occupied hy the numerous bullate diverticula of the uterus, 
which is placed transversely. The eggs, six to ten of which lie in 
each diverticulum, soon lose their shells, leaving the oncospheres 
surrounded by a simple chitinous envelope without appendage.' 

Another group of tbe TteniidEe, members of which infest the 
domestic mammals, is the genus Dipylidium, B. Lkt., which is 
described above, Taenise having the genital pores upon the flat 
surface, with sac-shaped uterus and unarmed bead, are occasionally 



'''■ Fio. 80.— Egg of ilonieiia expansa. 

Fig. 79. — Two mature proglottides of Wo- very much mftgnifi«a. (Aftac Moniez.) 

niezia expansa. 7i{., Interproglottidal glands ; la tbe centre, the oncospheres, sur- 

ftbove these are the testes; at the sides, the rounded by the pyriform apparatus, are 

female sexual glands may be seen. seen. 

met with in the cat and dog, though they are more frequent in the 
fox. These parasites belong to the geuus Mesocestoides, Vaill. 
(= Ptychophysa Hamann).* Dibothriocephalus latus is found in 
dogs in localities only where this worm is prevalent, and it is 
encountered even less frequently in the cat. Of still rarer occur- 
rence in the latter host is Bothrlocephalus felis, a much smaller 
species of parasite. According to Krabbe, dogs in Iceland harbour 
BothriocephaHnidEB of species which are unknown to us. 

The numerous Cestodes harboured by our domestic poultry belong, 

I C. \V. Stiles and A. Hassall, " A Eevis. of the Adult Cestodes of Cattle, Sheep, 
and Allied Animals " (United States Department of Agriculture, Bureau of Animal 
Industry, Bull. No. 7, Washington, 1808). 

' F. Zschokko, " Zool. Anz.", vol. viii, 1865, p. 380, u.l.c, Geneve, 1888 ; O. 
Haraann, 2. /. wiaa. Zonl, vol, xJii, 1885, p. 71R 
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as a rule, to the genera Hymenolepis and Daoainea. The Hymeno- 
hpis varieties are characterized : by the position of the genital pore, 
which is always at the left border of the segment; by the triple 
formation of the testes ; by the presence in the vas deferens of an 
outer and inner vesicula seminalis; by the sac-shaped uterus; and 
by the single row of hooks upon the rostelluin. The Davainem 
possess a double row of hooks upon the rostellura, together with 
several rings of hookieta leading into the suckers; the uterus, more- 
over, disappears, leaving one or more eggs in so-called parenchyma- 
capsules. H. laiiceolata (Bloch) of ducks and geese is an excellent 
example of the genus Hymenolepis. 

(3) Nematodes (Threadworms). 

Living specimens of the larger Nematodes, such as Ascaris megah- 
cepkala of horses, A. suum of swine, and A. lumbricoides of man, are 
readily obtainable. They should be examined in the first instance 
with the. naked eye. 

The distinctive sexual 
characteristics will be app&r- a B c 

ent if adult specimens of both 
sexes are examined side by 
side. In both, the body is long 
and spindle - shaped and 
pointed at the posterior end. 
The male, however, is smaller 
and slighter than the female, p_ 

and has the posterior end of Pia. Sl.-Ascaris lumbncoides. L. Male. 

the body recurved towards the -*-. Postennf extremity. B.. Anterior oi- 

, , , _, , tramitT, dorsal aspoot. C., Anterior eKtremity, 

ventral surface. Ihe male ventral aapect. p., Excretory opening. Sp., 

differs also in having no special spicuia. (Alter ciftus,) 
genital opening ; the genital 

organs, which are termed " spicules " and which appear as two small, 
yellowish-brown rods, issue from the anus, which is placed close to the 
hinder end of the ventral sarface of the body (fig. 81). In the female, 
the genital opening is also upon the ventral surface, situated at the 
border-line of the anterior and middle portions of the body and some 
considerable distance, therefore, from the anus. It will be seen with 
the naked eye if the body-surface, which is here slightly indented, is 
dabbed with filter-paper. The papillie which surround the anal 
opening of the male will be seen only with a strong glass. The 
moutb-opening is terminal in both sexes and is surrounded by three 
papillae or lips, one placed dorsally, two ventrally. Immediately 
behind the mouth papillie, in the median line of the ventral surface, 
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is the small opening of the excretory Bystem, generally only to he 
seen with the glass. In fresh worms, the coils of the genital glands 
are more or less distinctly seen ; they appear as white threads through 
the thin body-wall. Bunning down each side is a broad light band 
(lateral line), while a narrow stripe (median line) runs down the 
dorsal and ventral surfaces. 

The worm shouid be laid upon its dorsal aspect in a shallow vessel, 
and should be kept in this position by means of pins crossed above the 
body at the head and tail ends. It is opened with a pair of fine 
scissors in the median line along its entire length ; the incision should 
be purely superficial, care being taken to out nothing except tbe bod)'- 
wall. If the incision is too deep, the intestine and excretory organs 
may be damaged. The incision should be continued round one side 
of the anus, and, in the female, round the sexual opening; the body- 
covering should be turned back and secured with pius, and the 
specimen will now be ready for examination. The process of prepara- 
tion is exceedingly simple and may he successfully carried out by the 
beginner. 

When seen from the inner surface, the body-wall appears to be 
covered with minute bumps. These are the protoplasmic parts of the 
longitudinal muscle-fibres of the body-wall. The body-wall is divided 
into four longitudinal fields with well-marked boundaries. Two of 
these boundaries are seen as longitudinal thickenings upon the inner 
surfaces of the body-tube, while, of the other two, the ventral boundary 
coincides with the line of incision, and the dorsal boundary is covered 
by the intestine and is only to be seen after this is removed. 

"Within the body-cavity lie the excretory and reproductive organs. 
The alimentary caual extends in a straight line from the mouth to 
the anus. It consists of the short oral cavity, surrounded by the 
papillee; the whitish ajsophagus, about 1 cm. in length and of an 
elongated bottle-shape ; the long yellowish-green intestine, somewhat 
flattened dorso-ventrally ; and the short rectum. 

The sexes differ from one another, not only in the nature of the 
genital opening, bat in tbe arrangement of the sexual organs. In the 
male, they are single ; while in the female they are, with the excep- 
tion of the vagina, invariably double. The male organs consist of 
a single thread-like testis and a ductus ejaculatorius ; the female 
possesses two ovaries, two uteri, and a single vagina communicating 
directly with the genital opening. The student should uncoil these 
organs and compare their appearance in the two sexes. The male 
organs also include two small sacs, situated dorsally of the rectum and 
communicating with it, from the epithelium of each of which a spicnle 
is secreted. The ova should be removed from the anterior ends of 
the uteri of sexually mature females, and should be examined 
separately under the microscope. 
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The macroscopic iDspection of tbe living parasite sbould be 
supplemented by the preparation and examination of transverse 
eectioQS. These should be cut from well-hardened Ascarides, either 
by hand or, after embedding iu paraffin or celloidin, with the micro- 
tome. It is best to examine, tiret, a section taken through the 
anterior portion of the body, in front of the sexaal organs and behind 
tbe (Bsophagus. Within tbe smooth cuticle is the subcuticular layer, 
containing cell-nuclei and fibres ; it is heaped up into four 
thickenings, placed in the median and lateral lines. Between these 
thickenings, and divided by 
them into four fields, lies 
tbe muscular structure, 
composed of cells arranged 
longitudinally ; these are 
severed transversely in the 
section. The muscle-cells 
are comparatively long. 
Each consists of a peri- 
pheral groove-like portion 
containing the muscle- 
fibrillee, and of a proto- 
plasmic portion contin- 
uous with the groove, 
which projects consider- 
ably into the body-cavity 
and contains the large 

nucleus. With this protO- p^g, 82.-Diag«mmatic repreaeotation of a tmnB- 

plasmic portion of the ■^er** Bection through Ascaris lumbricoides. In the 

, ,, ,, centre is tha intentme, flatteaed dorsovontreilly ; to 

muscle-cells, the nerves jight and left, in the body-wo.i1. are tbe lateral lines, 

are associated; tbey are enclosing theeicretoryvesaelBaud the lateral necroa; 

, , , . , at the top and bottom of tha central plane are the 

seen m the section stream- doraal and ventral median lines, ahowing the nerve. 

ine out to right and left "'"■es and the manner in which they branch out 

, ,, ,. , towards tho muscular structure. 60: 1. (After 

from the median cords. Brandea.) 
Longitudinal nerve-cords, 

of a slighter build than tbe median nerves, are placed at the sides, and 
close to them the lumens of the excretory canals will be seen. These 
canals unite at the level of the excretory pore, close behind the 
mouth papillce, to form a single channel. In tbe centre of tbe section 
and distinguished by the columnar structure of its epithelium, is the 
intestine. 

A second section should be taken from the anterior portion of the 

body at the level of the oesophagus, The oesophagus is seen to be 

a thick-walled tube with triangular lumen, which is lined with a 

continuation of the cuticle ; the walls consist of muscle-fibres arranged 

11 
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for the most part radially. If the Bection iB taken in front of the 
genital pore, the circumoesophageal uerve-ring will be seen, and will 
appear &b if hung upon the four longitudinal lines. 

The mouth papillse should be cut off and prepared for the 
microscope. When seen from above, they are nearly heart-shaped, 
and where the surfaces approach one another 
they are furniBhed with a very fine dentition 

and with senBe-organB. These appear as 
lighter patches, two of which are placed 
upon the dorsal, and one each upon the 
ventral, papilliB. 

Cross-sections from the male at the level 
of the sexual glands show, between the 
intestine and the body-cell, numerous trans- 
verse and diagonal Eections of the coiled, 
thread-like testes. Similar sections from 
the female will show the ovary, likewise cut 
across in various directions; the two uteri, 
divided transversely ; and the lumens of the 
oviducts, which lead from the ovaries to the 
uteri. Sections of the female organs are 
subject, however, to considerable variation. 

A section should be taken from the pos- 
terior end of a male Ascaride, a little in front 
of the anus. In the centre is the intestine; 
above it, the two spiculum sacs are placed 
symmetrically ; ventrally from the intestine 
is the ductus ejaculatorius. 

The Ascarides are not, however, the only 
Nematodes which are deserving of attention. 
There are numerous varieties belonging to 
other genera, both parasitic and free-living, 
which, on account of their transparency and 
small size, are eminently suited to micro- 
scopic investigation, and these are readily 
ohtainahle. The parasitic forms occur in the 
intestine of fish, frogs, birds and mammals; 
while the free -living forms are found in 
mud, or between decaying leaves in water. 
Those varieties which live in damp earth 
may be attracted by pouring milk or blood on the ground, or, after 
removing a patch of turf, by burying a piece of meat juat below the 
surface. The Nematodes will appear in quite a short time, sometimes 
after a few hours only, and Ehabditis pellio is almost certain to be 



Fio. 83.— Oijuris ver- 
miculaHa. Left, female ; 
right, male, a. Anus, o, 
MouUi- V, Vulva. Itfagoi- 
Sed. ' (After ClauB.) 
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among their number. ThiB Epecies, with others related to it, posseeses 
the property of facultative parasitism, and has, on rare occasione, 
adopted man as its host. 

Of the parasitic Nematodes which occur in Central Europe, the 
one most readily obtainable is Oxyuris vermicularis. It is frequently 
harboured by children, especially in the country, and is voided in large 
numbers with the feecea. The well-known " threadworms," which 
move actively about upon the surface of the warm feeces, are female 
Oxyutes, the uteri of which are full of eggs containing embryos. They 
should be bandied with the greatest caution, as at this stage, they are 
very infectious. 

Tricbinous pork is also an infective material which is easily 
procured, though it is by no means as common now as formerly. 
It should be cut parallel with the muscle-fibres into small pieces, and 
these should be pressed betvFeen two glass slides. The Trichince are 
spirally coiled worms enclosed in lemon-shaped capsules ; they are 
easily discoverable with a low power lens. Infection is rarely so 
extreme that parasites are present in every piece of flesh, and it is 
generally necessary to examine a large number of specimens before 
finding proofs of disease. Even where infection is very advanced, large 
portions of the muscular structure are frequently free from parasites, 
though these may be present in large numbers in other muscles of the 
host (diaphragm, pharynx, lingual, and intercostal muscles), or in 
other parts of the same muscle, as, for instance, the point of attach- 
ment oE the tendons. Trichinse are very difficult to discover in flesh 
which has been converted into sausage-meat, and detection here is 
entirely a matter of chance ; hence, a negative finding is no proof of 
immunity. 

In full-grown swine, the encapsuted Trichinfe begin to calcify 
about six to nine montbs after infection, though the process may 
begin earlier, and it is, occasionally, omitted altogether. It com- 
mences at the poles and about fifteen to sixteen months are required 
for complete calcification of the capsule, which leaves the inmate 
unaffected. This process of calcification, which extends in the course 
of years to the inmate of the cyst, is part of the normal development 
of the parasite and is rarely observed in swine, as these are generally 
slaughtered in their first year. There is an analogous pathological 
condition in which the worm dies and calcifies, either before or after 
the formation of the capsule, the process of calcification subsequently 
spreading to its surroundings. It should be borne in mind that the 
Cysticerci which occur in the flesh of swine may also die and calcify. 
They are readily distinguishable from calcified Trichinfe by their larger 
size and different shape, as well as by the presence of the cyst, which 
is composed of connective tissue of varying thickness. 



Digitized b/Goo'^le 



164 PRACTICAL PARASITOLOGY 

If rats or mice are fed with trichiDous flesh, sexually mature 
Trichinse and their progeny will be found in the intestine after the 
interval of a few days. The wanderings of the parasites, their pene- 
tration into the muscular structure, the changes to which they give 
rise, and their subsequent encystment, all furnish interesting material 
for investigation. 

Of the other Nematodes which, in Central Europe, are parasitic in 
the intestine of man, the most important are : Trickocephalus trichiurm, 
which inhabits the ccecum and is' frequently met with in certain 
localities, and Ankylostoma duodenale, formerly very prevalent among 
miners, but now less frequent. Both of these forms (which belong to 
different families, the first being 
a Trichotracbelide, the second 
a StroDgylide) are either of 
sufficient transparency in the 
fresh state to permit of exam- 
ination whole, or they may be 
rendered so by suitable treat- 
ment. Nematodes very rarely 
occur in the lungs of man, 
though they are found with 
considerable frequency in the 
lungs of the domestic animals 
and of game. Filatia are equally 
rare in man in these latitudes, 
but Filaria equina, found in 
the body - cavity of the horse, 
may be used for experimental 
purposes. Blood filarise should 
be sought in the blood of crows 
(Corvus varieties). 

The Nematodes of the domes- 
tic mammals should be examined by the method described. The 
anatomy of the larger species (Ascaris megalocephala, Cloq., of 
horses, A. vitulorum, Gze., of calves, A. suum, Gze., of swine) is best 
studied by means of sections taken from worms which have been 
well hardened. In the case of the smaller varieties the whole worm, 
either fresh or after clearing with glycerine, will usually furnish 
sufficient data. The number of species known to us has become so 
large that it is not possible to name them, far less describe them, 
here. It will suffice to give the names of the families to which 
they belong. To the Ascaridce belongs the genus Oxyuns, examples 
of which are Oxyuris curvula, Eud., and 0. mastigodes, N., found in 
the large intestine of the horse. Of the ytrongyhdee, some inhabit the 
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intestJDe, as Strongylus contortus, Bad., iQ the abomasum of sheep and 
cattle; S.ostertagi, Stiles, under the epithelium of the abomasum 
of cattle ; Sclerostomum armatum, (Kud,), and allied species, sexually 
mature in tbe intestine of horses, as larvEe in the arteries of the 
abdomen, where they give rise to verminous aneurism ; Ankylostama 
trigorwcephalum in dogs ; and other varieties. Other Stroiigyhdse in- 
habit the lungs, as ; S. rufescens, Lkt. ; S. filaria, itud., in sheep ; 
iS. apri, Gm., in swine; and other varieties. "With the exception 
of Trichinella, tbe Tricbotracbelidae are represented by : Trichocephalus 
crenatus, End., in swine; T. affinis, Rnd., in the sheep, goat and ox; T. 
dejnessmsculus, Hud., in the dog. Examples of the Filarise are pro- 
vided by Filaria equina, Abild., in tbe body-cavity of the horse ; 
F. immitis, Leidy, in the heart of the dog ; and other varieties. Gnatlio- 
stoma kispidum, Fedtscb, is found in the stomach of swine of 
Hungarian origin ; the male of this species is np to 25 mm. long, 
while the female may attain a length of 31 mm. 

(4) ACANTHOCEPHALA (HoOKED WOBMS). 

The Acanthocephala are found in the intestine of vertebrates. 
The smaller species have considerable transparency and are well 
suited to a first examination, tbe details of their structure being 
clearly visible with a low power lens if they are pressed between two 
glass slides. Material will be found in the intestine of frogs and of 
fresh and salt-water fish. The parasites are furnished with an armed 
cylindrical proboscis, by means of which they attach themselves to 
the bowel-wall ; tbey are, however, easily detached. Tbe trunk is of 
a white or reddish-yellow colour, and, in the living specimen, is usually 
quite flat with irregular transverse wrinkles. When put into water 
or other liquid it swells up and becomes cylindrical, hut does not lose 
its transparency. As soon as the worm is removed from tbe host, it 
should be put on to a cover-glass with a little normal saline and 
examined. If the proboscis is withdrawn, the worm should be 
squeezed with tbe fingers, the pressure being directed from the thin 
posterior end forwards, and this maoceuvre should be repeated until 
the proboscis appears. A cover-glass should then immediately be 
placed upon the worm, and if this is insufficient to prevent the 
reinvagination of the proboscis, the pressure should be increased. 

Tbe Acanthocephala are, without exception, dicecious. Tbe sexes 
are distinguished in the first place by diEFerence in size, the male being 
considerably shorter than tbe female. The anterior end of both is 
somewhat thickened and is crowned with a rostellum, which 
may be cylindrical, ball, or club-shaped, according to species, but is 
invariably furnished with rings of books. The number, shape and 
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BJze of these hooks have a certain specific value. In many varieties 
a narrovF neck-piece is interposed between the proboscis and the 
trunk, and the latter frequently bears a varying number of bristles. 

The body-wall is comparatively thick. 
Through it, either in patches or extending 
over the entire body, a network of lighter 
channels can be seen. This network 
generally proceeds from two main stems, 
and has no apparent communication with 
the exterior. It runs from the proboscis, 
through the neck into the trunk, where it 
is continued into two appendages of the 
body-wall, known as the lemnisci. These 
are saclike structures, dissimilar in size 
and shape, which project into the body- 
cavity. A fluid circulates in the canal 
system, derived from the contents of the 
intestine ; it contains a varying proportion 
of granules. 

Within the anterior portion of the body- 
cavity, situated in the axial line, is a long 
sac-shaped organ with thick muscular walls ; 
this is the proboscis sheath. Its function 
is twofold ; it acts as a receptacle for the 
proboscis when withdrawn, and the extru- 
sion and evagination of the proboscis is 
effected by means of the muscular con- 
tractions of its walls. The proboscis is 
retracted by means of a longitudinal muscle 
running in the axis of the sheath, one end 
of which is attached to the body-wall, 
while the other end is attached to the inner 
surface of the distal end of the proboscis. 
A second longitudinal muscle is attached 
to the base of the sheath, and runs dia- 
gonally across the body-cavity in a back- 
ward direction, to a point of attachment 
in the body-wall (retractor receptaculi) 
(fig- 85). 

In those species in which the walls of 
the proboscis sheath are thin, a rounded 
mass of cells will be made out near its 
posterior extremity. This is the nerve 
ganglion and from it the nerve-cords, usually 



Pro. 85. — Echinorhgnchus 
auffuslatus. Male, 25:1. Of 
tbe three orgnna pi&ced inunc- 
difttely Ijehind the proboscis, 
the central one ie the pro- 
boflciB aheatli, those on sitber 
Bide the lammecl. Tbe re- 
tractor of tbe proboBciB Bbeatb 
takes its riue at the baeo of 
theflheatb. By it.to the right, 
nra tbe oval testes ; behind 
tbem, the darker cement- 
glands; and behind these again, 
the penia. (Aftet Leuckort.) 
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three in either direction, run forwards into the proboscis and back- 
WEirda into the trunk. 

The only other parts of the internal structure which are visible in 
the living specimen are the sexual organs. Very little ot these can 
be seen, however, in sexually mature females, the body-cavity being 
more or less completely filled with germinal cells, cell masses, and 
eggs enclosed in shells. In the middle of the body of the male the 
two oval testes will be seen, placed one behind the other. Their 
ducts, which are directed backwards, are seen to combiDe and are 
surrounded by the cement glands, club-shaped bodies, usually of a 
very dark colour. Beyond the cement glands the vas deferens passes 
into the muscular penis, which is withdrawn into the genital bursa. 
The bursa is a bell-shaped organ situated at the posterior end of 
the body, with an orifice communicating with the exterior. It is 
occasionally seen to be everted and in this position it plays a definite 
part in the act ot copulation. The genital opening of the female is 
also situated at the posterior end of the body. 

In the young female, the ovaries are in a position analogons to 
that of the testes in the male, but they soon break down into a 
number of cell agglomerations, known as "loose" or "floating" 
ovaries, and sometimes termed "placentulse." At the period of sexual 
maturity, successive single cells (egg-cells) are released and, after 
fertilization, these develop within the body-cavity into the eggs. The 
latter are usually spindle-shaped ; they are enclosed in three shells, 
and they contain a finished embryo. They more or less completely 
fill the body-cavity, concealing the apparatus by which they are 
ejected, the orifice of which is situated at the hinder end of the body. 
Tbis apparatus should be studied in young females, or a mature 
female may be opened longitudinally and all loose structures removed 
by means of a water-jet, when a long, cordlike structure will be seen. 
This should be removed and examined separately, when it will appear 
as a tube, open at both ends, and divided into three parts of unequal 
length. The central portion, the uterus, is the longest; it is pro- 
longed backwards into the short vagina which communicates with the 
exterior, while its anterior end is continuous with the bell, an organ 
whose shape varies in different species. The bell is provided with 
three openings: one placed anteriorly and opening into the body- 
cavity ; one placed posteriorly and opening into the uterus ; and a 
third, which is situated in the ventral wall. The hell-wall is muscular 
at its anterior end hut becomes cellular before passing into the uterus. 
It performs certain swallowing movements which may be seen by 
examining the freshly removed organ, together with a portion of the 
body contents, in white of egg. By means of this movement the bell 
swallows a number of the bodies Boating in the body-cavity and 
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passes tbem on into the uterus. The lumen o£ the hinder portion of 
the bell is, however, ol such a size that it will admit only bodies of a 
certain shape, that, namely, of the enclosed ova. Bodies of other 
sizes and shapes are returned through the ventral opening into the 
body-cavity. It happens, however, that numerous enclosed ova are 
returned to the body-cavity, with the unsuitable bodies, to be (^aio 
swallowed by the bell. This manoeuvre is coDtinued until the stream 
finally compels them to enter the hinder part of the bell, whence they 
are passed on into the uterus. 

The entire sexual apparatus of the male will be seen to be enclosed 
in a sheath, known as the " ligament " (ligamentum suspensotiam), 
which takes its rise at the base of the proboscis sheath. A similar 
ligament is present in the female, the posterior end of which enters 
the bell and is attached to its base. In young worms it encloses 
the ovaries, but when these break up and the placentulee escape into 
the body-cavity, the ligament in the greater number of cases is 
ruptured. 

Echinorkynchus gigas, the giant Acanthocephalide which inhabits 
the intestine of swine, is very useful for demonstration purposes. Its 
structural scheme differs from that of the smaller varieties in certain 
definite points, the more important of these being: the structure of 
the proboscis sheath and the bursa ; the presence of two retractor 
muscles instead of one ; and of eight cement glands instead of six. 
In the female, the ligament is composed of two tubes, in which the 
placentuite remain and in which the eggs undergo development, not, 
as in other species, in the body-cavity. This arrangement presupposes 
a direct communication between the two ligament tubes (which also 
communicate upon their inner surfaces) and the oviducts, which is 
brought about in the following manner : the dorsal half of the 
ligament passes into the mouth of the bell, while the ventral portion 
is associated with the orifice from which the immature eggs are 
thrown out, and projects backwards and beyond the orifice in the 
form of a blind sac. The eggs of E. gigas diverge from the typictil 
Acanthocephaline shape (fig. 43). 

The ova of Acanthocephala are deposited within the body of the 
Host and reach the exterior in the feeces. Each contains a finished 
embryo, of which, in spite of the transparency of the shell, scarcely 
more than the hooks situated at the anterior edge is visible. The 
shell may be burst open by means of pressure upon the cover-glass, 
but this is very likely to injure the embryo. An infinitely better 
method, and one first adopted by R. Leuckart, is the artificial infec- 
tion of suitable intermediate hosts ; the larvae will then emerge spon- 
taneously from the shell and will be found free in the intestine. In 
favourable conditions it is sometimes possible to catch the larva, when 
under the microscope, in the act of emerging. 
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Aselhia aquaticus is the iDtermediate host of Echinorhynckus angus- 
tatus, which inhabits the carnivorous fish of these latitudes, and also 
of E. htsruca of frogs. Gammarus pulex, the water-flea, harbours the 
iatermediate stage of various species, one being E. proteus of fish. 
The larviB of the may-chafer (Melohntha vulgaris) and of the gold- 
chafer {Cetonia aurata) are the intermediate hosts of E. gigas. 
Aselhis is an easy subject for experiment, as it may be obtained in 
large numbers and will live in aquaria. 

The entire complicated developmental change occupies two or 
three months or even longer, according to temperature. It is not 
possible to describe here the process by which this change is accom- 
plished, especially as certain of its details are still in dispute. The 
student is referred to the literature of the subject,' with the study of 
which he is strongly advised to combine the preparation and examina- 
tion of sections in series. 



Note : HiEDDiNEA (Leeches). 

Hirudo medkinalis may be procured from any apothecary ; such 
animals are, however, usually empty, and when in this condition are 
not suitable subjects for experiment. Leeches should be kept in a 
glass howl containing water, and a cloth should be tied over the top. 
Shortly before examination they should be fed on frogs, which should 
be introduced into the vessel with the leeches. The wound inflicted 
by tbe leech upon the body of the frog should first be examined; .it 
will be seen to be three-rayed, the semi-circular edges curving inwards. 
The leeches should be killed in a wine-yellow solution of chromic acid, 
to which a few drops of glacial acetic acid has been added. They 
will contract very strongly, and as soon as they have ceased to move 
they should be stretched out with the fingers. They should be 
allowed to remain in the fixing fluid for a few minutes longer and 
then taken out, rinsed in water, and tbe external appearances should 
be studied. 

The body is long and narrow with a plane ventral surfece, towards 
which the terminal suckers are directed. The dorsal surface is some- 
what more arched, and tbe two aspects differ in colour. The hinder 
«nd is recognized by the large disc-like sucker, while at the head 
end, which is somewhat narrower, is placed the small, slightly pro- 
jecting anterior sucker. Tbe opening of the intestine is situated 
upon the dorsal surface in the middle line, just above tbe large sucker. 
By opening the oral sucker with a pair of tweezers, three whitish 

' See Leuckart, Kaiser, Hamanii. 
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swellings, placed radially, will be e 



I (fig. 87, a) ; these contain the 



The body covering shows circnlar furrows placed very close 
together, which divide the surface into a number of narrow annnla- 
tions. Ill H.medicinalis there are 103 annulations; but, with the 
exception of the anterior two and the one which bears the anus, they 
do not correspond to any segmentation of the body- 
cavity. In the larger portion of the body, consisting 
of 17 segments, 5 annnlatious go to make up a 
body segment, while the anterior segments are com- 
posed of 3, the posterior of 2 (or 1) annulations re- 
spectively. It requires very minute examination to 
make out the margins of the body segments from the 
exterior. Indications are offered by the sensory 
organs of tbe skin,' which are placed, 6 to 8 dorsally 
and 6 ventrally, upon the first annulation of each 
segment; and by the orifices of the 17 pairs of 
excretory organs (nephridia, segmental organs, 
looped ducts), placed at the sides of the ventral sur- 
face upon the last annulation of each segment, and 
only to be seen with the glass. The sexual open- 
ings B,re more easily found. They are placed upon 
tbe ventral surface in the median line ; the male 
orifice, from which the white thread-like penis fre- 
quently depends, being situated in the 10th body 
segment, between the 30th and 31st annulations ; 
while the female orifice is behind it, in the Hth 
segment, between the 35tb and 36th annulations. 
In all Hirudinea the width of the body-cavity 
Pio 86 -Show- 's reduced by longitudinal canals, resembling blood- 
ing the ttnfttomical vessels in appearance, which run the entire length 
of the body and are not anatomically distinct from 
the body-wall. The presence of these canals renders 
the task of exposing the organs somewhat difficult. 
the jwDii aDd The leech should be opened upon the dorsal aspect, 
teetes, ?b cutaway, care being taken not to penetrate the intestine. A 
ahowjQg tha famaia gaoA deal of practice is required to perform this 



diiiea, Tha dorsal 
surface has been le- 
moved and a portion 
of the intestine, be- 



sesual organs. .ut> ■ . ,- in 

loops at tbe lateral manipulation successfully. 
margiDB represant ' . - - 

Kennel.) Ventral surface and, after stretching, to secure it by 



The best method is to lay the parasite upon its 



' Upon the Isi, 2nd, 3rd, 5th, and 8th annulations, two of tbe dorsal organs are, in 
each case, replaced by eye-marks. When seen witb tbe magoifying glass, these 
appear as black spots with a regularly defined mar^n. 
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means of pins through the suckers. An incision is made in the middle 
line along the entire length of the dorsal surface. This incision mast be 
kept purely superficial, or the intestine, which is attached to the body- 
wall by means of a brownish tissue, will be severed. The intestinal wall 
is whitish in colour, the dark contents showing through it. If the wall 
ia injured, the blood which the intestine contains will immediately 
well out and the operator ia warned that he has penetrated too deeply. 
The cut edge of the body-wall is slightly hfted with the tweezers, and 
the connective tissue between it and the intestine is severed with 
a pair of fine scissors by means of small horizontal cuts. When 
freed, the intestine will be found to have eleven pairs of blind sacs 
attached to it. Of these pairs of sacs, ten are arranged diagonally 
backwards ; while the eleventh pair, which is much longer than the 
others, run in a backward direction upon either side of the end-gut 
and terminate just in front of the anas. Between the saccular 
structures, and outside the hinder pair more particularly, portions of 
the nephridia will be seen ; and if the walls are freed well towards the 
periphery, the two so-called lateral canals (lateral cavities) will be 
exposed. The structural difference between the anterior and posterior 
portions of the intestine will he apparent to the naked eye. In the 
anterior portion the walls are thicker (ring muscles) and numerous 
muscle-fibres, starting from the body-wall, are arranged radially 
round the spindle-shaped pharynx. The function of the pharynx is 
to suck blood from the wound inflicted by the jaws and to force it 
into the aHmentary tract. ^ 

As soon as the intestine is freed, it should be severed behind the 
pharynx and removed, care being taken not to injure the organs lying 
beneath it. At the sides of the body-cavity vfill be seen the seventeen 
pairs of nephridia with their terminal sacs ; in the median line is the 
ventral nerve-cord, the anterior end of which lies hidden beneath the 
pharynx ; between the nerve-cord and the lateral canals lie the testes, 
nine upon either side, furnished with short, laterally directed ducts 
attached to the vasa deferentia, which run from back to front ; in 
front of the anterior testes lie the small ovaries and, between these, 
the two short oviducts are seen, leading to the thicker uterus, which 
communicates with the exterior by means of a short vagina. The 
two vasa deferentia are continued forwards over the female genitals ; 
their walls become thicker and they coil themselves into the so-called 



' There is another method of prepftring leeches wbich ehows the allmentarjr 
canal with great cleameaa. The leech is killed in chromic acid, and weak chromic 
acid solution ia introduced bj means of a eyringe through the pharynx into the cimal. 
The worm should be stretched, hardened, and divided into dorsal and ventral halves 
by means of a longitudinal oection. 
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epididymis ; they then form the muscular ductus ejaculatorius, which 
ia continued on to form the penis. The base of the penis is swollen 
into a kind of bulb which contains numerous prostate glands. 

With regard to the nervous system, it will be sufficient for the 
student to make himself acquainted with its anterior portion, that 
is to say, with the circumaesophageal ring. The pharynx should be 
carefully loosened without damaging the nerve-cord lying beneath it. 
The longitudinal section of the body- wall should be continued forwards 
until the pharynx ia quite freed from the dorsal wall. If the pharynx 
is now pulled sharply backwards the two upper pharyngeal ganglia 
will be seen lying upon it. They will appear as two rounded blackish 
bodies of about the size of a grain of linseed. If the pharynx is now 
cut through above the two ganglia and pulled forwards, the entire 
(esophageal ring will be seen. The central nervous system is remark- 
able for the fact that the ladder-like arrangement is modified by the 
position of the gangha. The two ganglia of each segment are so 
close together that they appear to be one. Owing to the reduction 
in length of the aegmenta to which they belong (seen externally by 
the smaller number of annutations), the 
anterior and posterior ganglia are also 
very close together, while those in the 
fully developed five-ringed segments 
are considerably farther apart. 

The three jaws should be removed 

from the oral cavity and examined 

under the microscope upon a glass slide. 

They are plane objects, nearly semi- 

^ 1 circular in shape, the curved edge being 

FiQ. 87. — a. Anterior end of furnished with minute teeth, which may 

Eiriido. The oral cavity IB open and be Seen with a low-power icns. The 

shows the throe ]»W3. 6, A jaw with , , ,, , ,i ■ -n, ■ 

muscular attaohmont very stroogiy number 01 ttiese teetn varies witnin 
magnified. (After ciaua.) certain hmits. Between them are the 

orifices of the salivary glands, the 
secretion from which prevents the coagulation of blood. 

Sections should be prepared from leeches which have been well 
stretched and thoroughly hardened. The animals should be killed in 
acetic acid solution of chromium, stretched, cut into several pieces, 
which are returned to the fixing fluid and allowed to remain in it for 
several hours; these are then rinsed, dehydrated, hardened in alcohol 
by graduated stagea, and cut, either by hand or with the microtome. 
A. transverse section taken from the middle of the body will show the 
following conditions : externally is a thin cuticle, beneath it a single 
layer of epithelium, between the cells of which pigmented connective 
tissue and blood-vessels are sometimes seen ; within this is a thinner 



Digitized b/Google 



EXAMINATION OF CY3TICERC0ID STAGES 173 

layer ot ring-shaped muscles ; and witbia this again, a thick band of 
longitadinaJ muscles, which appear in the section as transversely cut 
tubes. The space between the muscular structure of the body and the 
intestinal wall is filled with connective tissue, coutaimng many 
pigmented cell agglomerations. In the centre ot the section ia the 
intestine, more or less completely filled with blood, danked by the 
intestinal diverticula, which are severed transversely. Upon the 
dorsal aspect of the intestine is the dorsal vessel ; ventrally of it, 
the ventral cord; and between the intestinal diverticula and the 
periphery are the lateral vessels. The ventral field also contains the 
excretory vessels in transverse or diagonal section, as well as sections 
of the testes, placed right and left of the ventral cord. 

Sections taken at the level of the pharynx or of the genital orifices 
illustrate very different conditions. Median sections through the 
anterior end are particularly interesting, as they show the structure 
and the method of function of the organs employed in the sucking act. 
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PART III. 
ARTHROPODA. 

To the student of microscopic parasitology, the interest attaching 
to the parasitic Arthropods centres chiefly in their external appear- 
ances, as these have a diagnostic significance. For this reason the 
descriptions here given are confined to details of the external body- 
form and structure, though it is obvious that they may incidentally 
reflect conditions governing the internal organization. 

The body of the Arthropod, together with its appendages, is 
covered with a cuticle of varying thickness, which consists of a 
chitinous substance of extreme resistance. Where the animaJ is 
opaque, or nearly so, it is necessary to isolate what is known as the 
" chitinous skeleton.'" This is done by maceration in a weak (10 per 
cent, or less) solution of potassium, and the action of the fluid may 
be hastened by warming or, better still, boiling. The object should 
first be killed in alcohol and then transferred by graduated alcohol 
and water stages to pure water.* The maceration of the more fragile 
varieties requires careful management, as boiling, especially if con- 
tinued for any length of time, will not only cause the slender body 
appendages to drop off, but may give rise to pronounced structural 
changes and so render the specimen useless. The best method of 
treating delicate objects is to allow them to macerate in potassium 
solution at room temperature ; large varieties will take several days, 
or even a week or more, smaller specimens proportionally less. If, 

' According to G. EoderlelD {Zoolog. Anz., vol. xxvii, 1904, p. 497), bioBiU dried objects 
may be prepared for examination in IhefoUowingmanner : one part of a "moderatelj 
Btrong " potasaium solution is mixed with eight to ten parts water, and the objects 
are allowed to aoai in this mixture until they have approximately regained their 
normal shape. This will take from ten minutes to several hours, according to the 
size and dehcacy of the objects. They should be rinsed in water and the lai^r air- 
bubbles smoothed out with a fine camel's haii brush. They are returned to the 
solution, agtun rinsed in water, and dehydrated by means of the alcohol stages. They 
should be finished for the microscope by the methods described above. 

* When dealing with the larger varieties, the action of the drug should be hastened 
by pricking the specimens with a fine needle. The site selected should be without 
special structural aigoiflcance, as, for instance, a segmental margin in forms with 
segotented abdomen. 
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for aoy reason, it is desired to hasten the process, the specimens 
shoatd be placed in a thermostat at a temperature of 40° or 50° and 
allowed to remain there for half a day or one day. For boiling, a 
water-bath should be used, into which the glasses containing speci- 
mens and solution are plunged. In the case of the larger varieties 
the process will take several hours. 

As a general rule, the objects are sufficiently macerated when they 
begin to acquire transparency. The remains of the solution, together 
with the softer body-parts, which will now have become soluble in 
water, are rinsed out with distilled water, to which a drop of glacial 
acetic acid has been added. The solution is poured off and replaced 
by the acidulated water, which is changed repeatedly until the 
objects become light and clear, the process being watched under the 
microscope. The objects are now taken out of the water and laid 
upon a glass slide, some with the dorsal, others with the ventral, 
surface uppermost. If there is only one specimen, it should be first 
viewed from the ventral aspect. The object should be arranged, with 
the aid of the microscope or strong magnifying glass, with a fine 
brush ; the extremities should be extended, and the water removed 
with filter paper. Props of suitable thickness should be conveniently 
placed and the specimen covered with a cover-glass. Weak alcohol 
should now be very carefully added and replaced, after a short interval, 
by stronger alcohol. If the objects are to be mounted in balsam, the 
cover-glass should be removed as soon as they have become hard ; 
they should be dehydrated with strong alcohol, cleared with oil of 
cloves, and then mounted. Delicate objects become too clear when 
mounted in balsam, and these should be put through the alcohol and 
glycerine stages to pure glycerine; or the chitinous substance may be 
coloured with carmine or aniline stains ; or Mayer's mixture (a solu- 
tion of pyrogallic acid in alcohol or glycerine) may be used. Super- 
fluous colour is removed with a weak acid solution, and the specimens 
should be mounted in balsam, glycerine, or glycerine-gelatine. 

Maceration in potassium solution may be omitted in the case of 
small, transparent, slightly coloured parasites, but only when these 
are obtained alive. They should be put on to a glass slide, covered 
with a cover-glass, and, as soon as their legs are extended, killed with 
alcohol,^ which should be introduced under the edge of the cover- 
glass. They are then finished and mounted in either glycerine or 
balsam. On account of the impermeability of the chitinous envelope, 
specimens which are to be mounted in balsam must be carefully 

' The legs o( the Isj-ger varieties of Acarina will usuB,lIy become extended if the 
parasites are killed in boiling water. For the smaller varieties a mixture consisting 
of 2'6 glycerine, 4*0 glacial acetic acid, and d8'5 alcohol, should be employed. 
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dehydrated with alcohol in stages of gradually increasing strength. 
Otherwise, water will be retained in the tissues, and the objecte, when 
mounted, will be more or less opaque and, in this condition, useless. 
Oil of cedai-wood is frequently used as a clearing reagent, but in this 
case also the specimens must be very carefully dehydrated, as tbe 
oil absorbs water very readily. 

(1) AcARiNA (Mites). 

Of the Acarina which are known to be parasitic in man, two only, 
Sarcoptes and Deitiodex, are of permanent parasitic habit. All other 
varieties are occasional in their occurrence. They may be either the 
permanent or the occasional parasites of animals, adopting man as an 
accidental host ; or they may be free forms, living in and on organic 
substances and attacking man only under certain favourable condi- 
tions. The greater number of species, including Sarcoptes and 
Demodex, are so extremely smalt that their examination is a matter 
of some difficulty to the beginner. For this reason it is advisable to 
begin with the group Txodidte, certain members of which attain a 
comparatively large size. Two species of Ixodidffi are readily 
obtainable in almost all parts of Central Europe; they are Ixodes 
ricinus (L.) and /. kexagonua. Leach, commonly known as wood-lice, 
or dog-ticks. They live in the leafy undergrowth of woods and 
plantations where, in order to obtain nourishment, they seek to attach 
themselves to one of the higher vertebrates. Thus, their most 
frequent hosts are wild animals (game), grazing cattle, dogs, and 
man.' 

Specimens of Ixodides do not by any means all look aUke. The 
empty tick changes considerably in appearance when the intestine 
becomes filled with blood and is in process of digestion. Moreover, 
there is considerable difference between tbe larva, the nymph, and 

* In addition to the above-oamed, tbe following varieties are met with in 
Germany ; Ixodes ienuiroatria, G. Neum., on Arvicola varieties in England and the 
Isle of Riigen ; Hiemophyaalit punctata. Con. et Fanz,, on grazing cattle and game 
aniinalB, in districts bordering the Mediterranean, In Holland and in the neighbonr- 
hood of Nuremberg; if. concinna, Eoch, on grazing cattle and game, in France, 
Austria and Brunswick ; Dermacentor reiiculatui (Fabr.), on grazinf; cattle and 
game, in South and West Europe, in Asia, in North and Central America and in 
Wilrtemberg ; and Argat rejiexju (Fabr.), the European hedge-lick or pigeon-tick, 
found in pigeon-cots and on pigeons, rare in Germany. Tho other varieties which 
are said to occur in Germany are probably developmental stages of either Ixodei 
ricinut or /. hexagonut. The Ixodidte have attracted considerable attention 
within the last tew yeara ; since, in tact, it has been recognized that, like Atwphetet, 
Ciilex and Gloisina, they are the carriers of infectious diseases (Teias fever of 
cattle). 
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the adult male and female tick. The larvre are provided with six legs 
and are without sexual opening or stigmata. The nymphs have eight 
legs and are provided with stigmata, but are without sexual opening. 
The sexually mature male and female ticks have eight legs, and are 
provided with both stigmata and sexual openings. The number of 
egga deposited by the adult female is very large. As soon as the 
larvte emerge they attach themselves to lizards, very small mammals 
of widely different species, and birds. They suck the blood of their 
hosts but do not appreciably increase in size. When they return to 
the ground they slough their outer skin and enter upon the nymph 
stage. The nymphs, like the larvsB, remain for some time attached 
to small mammals, and upon leaviug their 
host they enter upon the stage of sexual 
maturity. The male and female become 
parasitic upon the larger vertebrte, where 
copulation takes place. The body of the 
female becomes very much distended, partly 
from the filHng of the intestine with blood, 
and partly as a result of the development of p,o gg _ j^otUs rieinus 
numerous eggs (fig. 88). She finally quits (L.)- Female, gorged with 
th, host in order to deposit her eggB upon Jl^j, ,.t°toA."°".S 
the ground. Females which are very much surface, 2 : i. (After Pagen- 
distended and are upon the point of laying * *"'' 
eggs are not good subjects for demonstration 
purposes. 

Specimens are killed in alcohol, and this must be done under the 
cover-glass, or the extremities will not be extended. They should be 
viewed first with a magnifying glass or with a low power microscope. 
The body is unsegmented and there is no external line of demarcation 
between the cephalo-thorax and the abdomen. The legs are attached 
to the ventral surface. In males and young females, the body is oval ; 
in older females it is nearly oblong; while in quite old females the 
oval outline is resumed. The dorsal surface is arched, the ventral 
surface plane, and it is customary to distinguish an anterior, a pos- 
terior, and two lateral marginal edges. At the anterior end of the 
body, immediately in front of the first pair of legs, is the capitutum, 
or " false head," which bears the mouth-parts. These consist of a 
proboscis-iike structure, fianked on either side by the palps. Upon 
the dorsal surface, immediately behind the capitulum, is the arched 
scutum or shield, in colour of a varying shade of brown. With the 
exception of a narrow margin at the hinder end and at the sides, the 
dorsal surface in the male is entirely covered by the scutum. In 
the female, the scutum is much smaller and is of a different shape. 
The difference in size is noticeable even in quite young females, and 
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is very pronounced indeed in older, distended females, where the pro- 
portion of the dorsal surface covered by the shield is very small. The 
ventral surface presents other points of difference, being almost com- 
pletely covered, in tbe male, with scales, which are separated from one 
another by lighter stripee. 
In both sexes the ventral 
surface bears two openings, 
placed in the middle line. 
In front is the transverse 
genital opening, and behind 
it, near the posterior margin, 
is the anus. Upon each 
lateral margin, jtist behind 
the legs, is a rounded stigma 
(peretreme), which appears 
to be porous, and is sur- 
rounded by a thickened edge. 
In the centre of each stigma 
is an opening, the spira- 
culum, which communicates 
with the trachesB. The stig- 
mata of tbe male are oval, 
those of the female circular. 
The scales upon the ventral 
surface of the male have a 

Fio. 69. — Ixodes neinu*{L.). Male, seen from „„_(.„■ „„„„;»;„ „;™„:fi „ 
the ventral Buri«e. 21 ; 1. (Alter a dmwmg by certam specidc Significance. 
A. DampL) Those in the median line are 

tbe pregenital, genito-anal, 
and anal scales ; while the adanal and femoral scales are duplicated 
upon either side.^ 

The finer structural details will be better seen in cleared specimens 
and especially in macerated preparations of the chttinous skeleton. 
The dorsal aspect of the capitulum differs in the two sexes. To right 
and left, at the base of the female capitulum, is the so-called " porous 
area," a circumscribed field with numerous pores, not to be mistaken 
for eyes (Ixodes are eyeless).^ The distribution of hairs and pores 
upon tbe body surface and its appendages should be noted, and tbe 
student should then pass on to the study of the legs. The legs are 



' The veatral aorfoce of tbe female bears four longitudinal grooves, two of which 
start near tbe vnlva and tun divergently backwards. The other two unite in a curve 
in front of tbe anus, and the free ends also run backwards, either parallel to one 
another or more or leas divergent. 

' In epecies with eyes, the eyes are always situated upon the scutum. 
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numbered from the head backwards {I. — IV.)> and their joints from 
the base to the free end (1 — 6). There ib also a nomenclature of the 
leg-joints, thus : coxa, trochanter, femur, tibia, protarsus and tarBas. 
At the proximal end of the 3rd and 6th joints, a supernumerary 
segment ia more or less clearly defined, and for this reason many 
authors reckon eight joints to each limb. The tarsus bears a process 
which is prolonged into two claws, from the distal end of which hangs 
a membranous structure, the pulvillum. The hip segments are not 
attached to the body by means of joints, but are anatomically a part 
of it. Those which bear the first pair of legs are furnished with a 
atout thorn, directed backwards, while the tarsi of this pair have 
a small sense-organ upon the dorsal side. 



The moath-parts are twofold, consisting of the hypostome and 
the chelicerte. At the sides of the capitulum, externally to the 
chelicersB, are the palps. These have four articulations and ate 
characterized by the length of the second and third segments, which 
are hollowed out upon the ventral surface to form a sort of gutter. 
The first, or basement joint, is short and the terminal joint is even 
shorter. The latter proceeds from a terminal hollow in the third 
joint and is placed at an angle with it, the free end being directed 
ventrally ; it bears abont fifteen small bristles. Between the palps, 
in the median line, is the rostrum, the most conspicuous feature of 
which is the hypostome. This is an apparently unpaired organ, 
placed upon the ventral surface of the rostrum and recognized by 
many authors as the rostrum itself. Its ventral surface is covered 



zKib, Google 



180 PRACTICAL PAEABITOLOGY 

with rows of recurved teeth, the size, number and arrangement of 
which differ in the two sexes; the dorsal surface is smooth. Upon 
the dorsal aspect of the hypostome are the chelicerte or mandibles. 
They are surrounded by a sheath which, in the male, is covered with 
fine transverse lines, but in the female is shagreened. Each mandible 
consists of a long stem, which is prolonged for a varying distance into 
the interior of the body, and of a short finger, which bears at its 
distal end two apophyses, placed externally and internally. The 
external margin of each is edged with teeth, the number, size and 
position of which differ, not only in the two apophyses of the same 
finger, hut also, as in the case of the hypostome, in different species 
and in both sexes. 



Eepreaentatives' of other families of the Acarina are readily obtain- 
able. Dermanyssus hirundinia (Herm.) is frequently fotmd in swallows' 
nests, but should not be sought for during the nesting season; D. 
gallina (de Geer) is found, though more rarely, in henroosts and dove- 
cots; LcBlaps stabularis is met with in the litter from cowsheds. These 
three species belong to the family Gamasida ; they may occasionally 
attack man. Different species of Tyroglyphidee are found on cheese, 
jams, dried fruits, mushrooms, smoked foods, dry anatomical prepara- 
tions, drugs, and other dry organic substances which are in process 
of slow decomposition. These species may occasionally attack man, 
though they are more frequently encountered in vessels employed to 
hold human secretions and excreta. They have an unstriated cuticle 
and the legs are furnished with leaf-shaped, uupedunculated suckers. 
They differ in these two points from the parasitic SarcoptidEe, Analgids, 
Cytoleichidae, &c,, which otherwise they closely resemble. In the 



Digitized b/Google 



ARTHBOPODA 181 

latter genera the cuticle is transversely striated and the legs are 
provided with round, pedunculated suckers. The greater nambet 
(400) of the species known to us belong to the Analgidee ; they are 
fonnd on and between tbe feathers of birds and, occasionally, within 
the epidermis. Two vai-ieties, Gytoleichus sarcoptoides, M^gn., and 
Laminosioptes gallinarum, M^gn., which live in the cellular tissue 
of the under-skin of fowls, belong to the genus Cytoleichidm. These 
parasites may penetrate to other organs, where they usually become 
surrounded by a cystic membrane and, eventually, calcify. They 
differ from the Sarcoptids 
in the shape of the mouth- 
parts {which, in Cytoleichidfe, 
are modified into a sucking 
tube) and in the longitudinal 
position of the vulva. Sarco- 
ptidse live on and in the epi- 
dermis of mammals and birds, 
where they occasion various 
forms of itch ; the mouth- 
parts are separate and the 
vulva are placed transversely. 
Certain species burrow tun- 
nel-like cavities under the 
epidermis, one end of which 
communicates with t4ie sur- 
face, while the blind end is 
occupied by the female for 
the purpose of depositing her 
eggs. These tunnels may be 
seen with tbe naked eye on 
man ; they are up to 3 cm. in 

length and may be either Fia, ^.^SarcopUi icabUi. 
straight or crooked.' Owing '^^^- ^'»-'- — -^ 

to the nature of the skin, 

they are less readily detected on animals. These burrowing mites 
belong to the genera Sarcoptes, Latr. and Notcedres, Kaill. They 

■ To obtain epecimena for examination, tbe channel shonld be opened along its 
entire length with a finely pointed needle, when the mite will be seen with the naked 
eje aa a shining whitish apeck at the end ot the tunnel. Or a portion of the 
epidermie may be cut out with a bent BCiasora, spread out upon a glaaa-alide, and 
cleared with potassium solution or glycerine. The tunoele will be found to contain 
blackish baDa of ftecea, eggs in various stages of development, empty egg-shells, and, 
occasionally, the sloughed cubicle of the female Sarcoptes. The six-legged larve will 
not he seen, aa, after emerging from the egg, they escape from the tunnel by means 
of a special opening. 
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Fig. 9i.—NoUedrei cati (Haring) = Sara^lM minor 
FOrgtaQb. 100:1. Left, fem&la Irom the doraal aspect 
light, mole Eioin (he veutral aspect. (After Railliat.) 



are distinguiahed from one another by the position of the atems, 
which in Sarcoptes is terminftl, in Notcedres dorsal. Other itch-mites 

of the domestic mam- 
mals belong to the 
genera Psoroptes, 
Gerv.,and Chorioptes, 
Gerv. They inhabit 
the surface of the 
skin and are usually 
I found among dry 

I crusts and scales. 

I They occur in large 

! numbers and, for this 

I reason, their sexual 

characteristics and 
developmental stages 
are more easily 
studied than those of 
Sarcoptes. 
Oiodectes cynotis (Hering) -^ Chorioptes 
aiiricularu?n. (Baill.) is found in the outer ear, 
and especially in the cerumen, of dogs and cats. 

The hair-loUicIe mites belong to yet another 
family, Demodex. They inhabit the hair-follicles 
and sebaceous glands of man and of certain 
mammals. 

All the forms which have been described are 
sufficiently small to permit of their examination 
whole, either in the fresh state or after clearing 
with glycerine. In order to differentiate between 
species, however, it is sometimes necessary to 
isolate the chitinous skeleton and its appendages. 
This is done by very careful maceration in 
potassium solution in the manner already de- 
scribed. 

Linguaitdidce. 
The Linguatulide which is most readily ob- 
tainable in Central Europe is Pentastomum den- 
ticulatum, Hud., the larval stage of Linguatula 
rhinaria (Pilger) (fig. 95). It is found chiefly in 
the liver, lungs, and mesenteric lymphatic glands 
of herbivorous mammals, and it iuay occur, though more rarely, in 
the carnivore and in man. It is a flat, lancet-shaped parasite, 4 to 



Pio. 95. — Tha BO- 
called Pentoitoma den- 
liculattlm, being tha 
second larval stage of 
tAnguatula rhinaria. 
20; 1. (After Leuokart.) 
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6 mm. long, with a loQgitndinal mouth-openiDg at the anterior end oE 
the ventral surface. This mouth-opening is surrounded by a chitinoua 
ring, and upon either side of it are two claws, each mounted upon 
a slighter curved basement rod. The body is transparent, the cuticle 
finely annulated ; at the posterior edge of each of the eighty to ninety 
ringa is a fine, recurved tooth. Of the internal organs it is possible to 
make out the intestinal canal, the genital organs, and sometimes 
the nervous system. The male and female are distinguished by 
the position of the genital pore; in the male it is placed upon the 
ventral surface, in the median line, behind the seventh aunulation ; 
in the female it is near the posterior end, immediately in front of 
the anus. These larval forms when found are frequently dead, the 
body being in a state of fatty or chalky degeneration. As in the 
case of calcified cysticerci and echinococci, the portions of the parasite 
which resist the degenerative process longest are the claws and 
basement rods. These will be seen if the calcified parasite is treated 
with some acid solution. The sexually mature parasites inhabit the 
nasal cavities of the carnivorous and herbivorous mammals. They 
are present in 6 to 10 per cent, of dogs. 

II. — Insecta. 

(1) Bed-bugs (Cimex lectularius). — For purposes of examination 
specimens should be chosen which have fasted for some time. They 
should be cleared and, after very careful treatment with potassium 
solution, they should be examined under the microscope. Insects 
which are gorged with blood should be kept until the intestinal 
contents have become absorbed. 

The body of the bug is quite fiat and is composed of a head- 
piece, together with three thoracic and eight abdominal segments. 
The surface, both of the body and of its appendages, is covered with 
numerous simple, pointed, chitinons hairs and with coarse bristles, 
one edge of which is serrated. The four-jointed antennie are situated 
at each side upon the front of the head; behind them are the eyes, 
furnished with several strongly arched corneas. Proceeding from 
the ventral surface of the frontal part of the head is the four-jointed 
rostrum, which is recurved towards the abdominal surface. The three 
thoracic segments are quite distinct. The anterior segment, which 
is also the largest, is deeply incut to allow of the insertion of the 
head, and has the appearance of a half-moon, with rounded horns 
directed forwards. The second thoracic ring is smaller than the 
other two ; when viewed from above it is triangular in shape, with 
the apex pointing posteriorly. At its sides are the scale-like rudi- 
mentary wings, which extend backwards as far as the first abdominal 
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segment. In the middle of tbe ventral surface, a prolongation of the 
mesothorax runs back between the hind legs and covers the stink- 
glanda, the secretion from which gives to bogs their characteristic 
odour.' The thin metatborax is almost completely covered by the 
rudimentary wings. 

As in other Insecta, the legs of the bug are divided into coxa, 
trochanter, femur, tibia, and tarsus. The latter is three-jointed and 
possesses two claws. The distal end of each tibia is furnished with a 
bristle. 

The abdomen is rounded at the sides and runs off to a point 
at the back ; it is divided into eight segments. The hindermost 
bears the anus, which is oval in shape, is placed transversely, and 
is surrounded by a chitinous ring. From it two thin-skinned, tongue- 
shaped appendages may be protruded, one dorsally and one ventrally. 
In the male, the hindermost segment also bears the genital opening, 
which is situated in front of the anus and is associated with the 
claw-shaped penis, which is usually folded towards the right. The 
genital opening in the female is a simple longitudinal sht apon 
the ventral surface of the seventh segment. At the sides of this 
segment are two thin, wing-shaped processes, directed posteriorly. 

All the abdominal segments, with the exception of the eighth, 
are furnished with two stigmata, placed one upon each side apon 
the ventral surface; an eighth pair, which is very difficult of detectioo, 
is situated upon the anterior edge of the metathorax. 

The rostrum, when in repose, is always bent towards the ventral 
surface; it is a four-jointed tube, tapering towards the free end, 
within which is another and thinner tube. The outer tube, or sheath, 
consists of two parts ; while the inner tube, or scalpel, is composed 
of four. The sheath is made up of the labium, or lower lip, and the 
labrum, or upper lip, while the mandibles and maxillss go to form 
the scalpel. It is possible to dissect out these parts, but, owing to 
their small size in the bed-bug, the manipulation is a difficult one. 
Among a large number of prepared specimens, however, there will 
always be one or two in which the component parts of the organ, 
while remaining attached to the head, are yet separated from one 
another. It will then be seen that the principal portion of the sheath, 
formed by the labium, is a long tube, tapering towards the distal end, 
and in the ventral wall of which, close to the head, is an aperture. 
This aperture is closed by the labrum, which is modified into a 
. tongue-shaped process. 

From the sheath project the divergent tips of the mandibles 



' Young insects possess abdominal stink-glands until they slough for the last 
time. Their thoracic segments, moreover, increase in size from front to back. 
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and maxillse. The former are slight strnctnrea of uoequal length 
which taper towards their free end, where they are edged with a 
row of fine teeth. The maxillsB are broader, but they also taper 
towards the free end ; they are of equal length, and are furnished 
with a small disc-like appendage, placed just in front of the pointed 
tip. In shape the raaxillse resemble two gutters, the concave 
enrfaces of which face one another and so form a tube. This tube 
serves to conduct the blood from the wound into the pharynx, and 
also to convey saliva into the wound.' To the sides of and beneath 
these tubes lie the two mandibles ; these are opened during the act 
of sucking by the agency of several groups of muscles, which proceed 
from the inner surface of the cuticle of the head and are attached 
to the dorsal wall of the pharynx. The action of these muscles is 
counteracted by the elasticity of the cuticle of the pharynx, while 
the saliva is expelled by means 
of a syringe of complicated 
structure, situated ventrally to 
the pharynx, and with which 
the ducts leading from the 
salivary glands communicate. 

(2) Lice. — Lice live upon 
the epidermis of warm-blooded 
animals. They are divided into 
two groups : Anoploura or 
Bhynchota aptera, true lice; 
and Mallophaga, lice which 
inhabit the appendages of the 
skin. The latter are furuished 
with biting mouth-parts and draw their nourishment from horny 
epidermis cells, hairs and feathers. Of this group the only species 
of interest is Trickodectes, which harbours the Cysticercus of Dipy- 
lidivm caninum, L. True lice are found only upon mammals, whose 
blood they suck. They are provided with sucking mouth-parts, which 
are prolonged backwards into the head, but are protruded when in 
use. Two genera occur on man (Pediculus and Phthirius) aai one is 
found on the domestic mammals (Hamatopinus).' • 

Phthirius is distinguished from Pediculus and Hamatopinus, which 

' In other Hemiptera, food and saliva are conveyed by two distinct channels, 
fonned by a longitudinal ridge which runs down the groove of each maxilla, dividing 
it into two parts. Thus, when the maxillte are closed two parallel tubes are formed, 
ot which the upper leads to the intestine, while the lower one is in communication 
with the salivary glands. 

' This tamilyhaa recently been divided into several groups by Enderlein {Zool. 
Anx., vol. xxviii, 1905). 
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are long in shape, by its square, compact body-form. In Pedicuhu 
and Pkthirius the eyes are well developed, while in Htematopinus 
they are either rudimentary or are absent altogether. In Hmma- 
topinus the sucking organ is longer than in the other two. At the 
sides of the head are the five-jointed antennse. The thorax bears 
upon its under surface three short, powerful legs, the tarsi of which 
consist of a single piece, modified into a strong, recurved, movable 
hook. Opposed to this hook, upon the lower end of the tibia, is a 
thumb-like process which bears a thorn of varying length. In 
Phthirius the first pair of legs is slighter and less fonnidably armed. 
The number of abdominal segments is said to differ in each genus, 
thus : six in Phthirius, seven to eight in Pediculus, eight to nine in 
Hmmatopinus ; but Enderlein be- 
lieves that all Anoploura have nine 
abdominal segments. In Phthirius, 
the anterior abdominal segments 
are crowded closely together, the 
boundaries being barely recogniz- 
able. The posterior segments are 
flanked by well-marked lateral por- 
tions, covered with long hairs. The 
anal and genital openings are situ- 
ated at the hinder end of the body, 
which is pointed in the male but 
indented in the female. The penis 
is chitinous and is withdrawn into 
the interior of the body. There are 
six pairs of abdominal and one pair 
of thoracic stigmata. 

With regard to the mouth-parts 
of lice, authors differ considerably 
both in describing the parts and in interpreting their uses. It is 
certain, however, that, in the act of biting, the anterior portion of the 
lining of the oral cavity is everted and appears at the front of the 
head as a blunt barrel- or club-shaped proboscis. The anterior portion 
of this proboscis is covered with hairs, arranged in rows and directed 
backwards, which, when the proboscis is withdrawn, lie within the 
oral cavity. The proboscis, when everted, acts as a sheath through 
the lumen of which a long, hair-like sting is projected. This sting 
appears to be homogeneous, but is probably composed of several parts. 
When not in use the sting is enclosed in a long, tube-like sheath of 
the same length, which is placed ventrally of the intestine, in the 
head, and communicates with the latter by means of an opening in 
the floor of the oral cavity. During the sucking act, which is per- 




Fio. on .—Pedic'ttlTt* capitis. Male. 
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formed by tbe pharyngeal muscles, the eting remains projected and 
serves to conduct the blood into the intestine. The pharynx is 
prolonged posteriorly into the thin oesophagus, which leads into the 
sac-shaped stomach, placed in the thorax. At the junction of the 
stomach and intestine are the openings of the fonr Malpighian vessels, 
and six rectal glands open into the hind-gut. Two pairs of salivary 
glands of different form have been described, one pair being bean- 
shaped, and one pair horse-shoe shaped. 

(3) Fleas. — Unlike the bug and the louse, which are flattened 
dorso-ventrally, the flea is very much compressed laterally ; so much 
so, in fact, that it is almost impossible to prepare whole specimens 
for the microscope in such a way that they may be viewed from the 
dorsal or ventral aspect. The body-parts consist of the comparatively 
small head, which is rounded anteriorly; the thorax, which is divided 
into three distinct segments ; and the abdomen, which is composed 
of ten segments. On each side of the head is a diagonal groove, and 
these grooves receive the small, club-shaped antennte. In front of 
them in many varieties, including that of man, are the simple eyes, 
which appear as small, black specks. The mouth-parts are placed in 
front of, and beneath, the head. They consist of four distinct organs : 
(1) The long labrum or upper lip, which is grooved upon the ventral 
surface and is termed variously epipbarynx, tongue, or sting; (2) two 
slender mandibles, also grooved, and bearing several longitudinal rows 
of teeth ; (3) two flat, pointed maxillEe, placed at the sides, and 
bearing four-jointed palps ; (4) the labium or under lip, the two long, 
jointed palps of which are deeply grooved and unite to form a sheath. 
This sheath encloses the upper lip and the mandibles, which together 
form a slender tube. In the sucking act, the tube formed by the 
hollowed palps of the labium divides, while the inner, or sucking, tube 
is inserted into the epidermis ; blood is pumped up by the action of 
tbe well-developed pharynx muscles and flows into the intestine ; 
while at the same time saliva, secreted by four glands situated in the 
thorax, is conveyed into the wound,' partly by way of the hollow 
groove in the mandibles and partly by way of the labium. The most 
recent works upon the subject describe a pumping apparatus, into 
which the salivary ducts of both sides open. 

The head is a homogeneous cbitinous capsule, but the body 
segments vary in places both in colour and in thickness. This 
variation is due to the formation of plates or splints of cbitinous 
material, one of which (tergit) is placed upon the dorsal, and one 
(sternit) upon the ventral aspect of each abdominal segment. They 
have the appearance of U or L-shaped bands and are most clearly 
seen upon tbe second to seventh segments. The median portion of 
tbe splint lies upon the ventral or dorsal ridge, as the case may be. 
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while the two arms extend along the lateral surfaces. The free, 
rounded ends of the arms of the dorsal and ventral splints overlap at 
about the centre of each lateral surface, while the anterior edge of 
each splint is overlapped by the posterior edge of the splint in front 
of it. This arrangement permits of considerable distension of the 
abdomen, such as takes place in all females, and especially in those 
of Sarcopsylla, as a result of the development of the ovaries- 

The other abdominal segments, together with their splints, show 
quite different conditions. There is no ventral splint upon the 1st 
segment, the ventral splint of the 2nd segment forming the attach- 



Fia. 98— PuZm irritam. Female. 27 r 1. K, Head, with eya, i 
of the aotenna. I, II, and III, Thorsolo BegmentB. 1-9, Abdominal Beotnents (9, pjgidiom). 
At the [ront part of (be head, upon its Tenlral surface, are the mouth-parts : m, maxilla ; 
md, mandible ; mxt, maxillary palp ; ol, upper lip ; u, loner lip. Behind Che mouth-parta 
tB the pleucon of the lat thoracic aegment with the Ist leg : c, coxa; f, femur; t, tibia; 
ta, tftraufl ; tr, trochanter. The legs of the left aide only are ahown. (Alter a drawing 
t>y A. Dampf.) 

ment of the thorax, while the dorsal splint of the first segment is 
modified into a small triangalar or square scale, which meets the 3rd 
thoracic ring. The splints of the 8th and 9th segments vary according 
to Bex and species. In the male, the dorsal splint of the 8th segment 
is broad ; it is very much prolonged towards the ventral surface, and 
extends so far back as almost completely to cover the 9th segment. 
The ventral splint is proportionately cedaced in size, and in the female 
it is very small indeed. 

In both sexes all that is visible of the 9th segment is a small 
portion of the dorsal splint and the sense-organ or pygidium. The 
pygidium is an area enclosed in a thick chitinous ring ; its surface is 



Digitized b/Google 



covered with nameroas little thorns and points, between which are 
single, long sense-hairs, each occupying a round, lighter space. In the 
male, the lateral arms of the 9th dorsal splint are very much bent 
towards the ventral ridge, and are continued as straight processes both 
anteriorly and posteriorly. The two posterior processes bear each a 
leaf-shaped appendage which is directed backwards, and the free edges 
of which are set with bristles. This apparatus is employed during 
copulation to attach the male to the female. The ventral splint of the 
9th segment, in the male, takes the form of a two-pronged fork, the 
prongs of which run towards the dorsal ridge while the handle is 
directed posteriorly. Between the two prongs is the penis, a chitinous 
organ, spiral in shape, which is withdrawn into the abdomen. In the 
female, both the ventral splint and the lateral arms of the dorsal splint 
are of slight development only ; the former is closely covered with 
bristles. 

The 10th segment is rudimentary ; upon it is the anas, and below 
the anus the genital opeoing. 

The dorsal splints of the three thoracic segments are semi-circular 
in shape, and cover the back and side of each segment. Upon each 
side of the segment, ventrally of the dorsal splint, is a four-cornered 
plate, the pleuron, to which the legs are attached. As the pleurons of 
the l&t thoracic segment are directed forwards and lie under the head, 
the 1st pair of legs appear to be attached to the head. The pleurons 
of the 2nd and 3rd thoracic segments are divided by a longitudinal 
ridge into anterior and posterior halves. The posterior portions of the 
pleurons of the 3rd thoracic segment are prolonged backwards to the 
abdomen, and have the appearance of rudimentary wings. 

The legs of the flea, like the body, are very much flattened. They 
increase in length fi:om front to back, and have the same number of 
joints as in other Insecta. They differ, however, from those of other 
members of the same group in the remarkable development of the 
coxae or thigh-joints, which are as long as the femur and tibia, and 
are even broader. The five-jointed tarsi, which terminate in two 
claws, are also comparatively long. 

The flea differs from other Insecta, moreover, in possessing a larger 
number of stigmata, of which there are three thoracic and seven 
abdominal pairs. The abdominal stigmata are placed upon the lateral 
surfaces of the 2nd to 8th segments. Two pairs of thoracic stigmata 
are situated ventrally between the pleurons, while the third is placed 
dorsally. The head, body segments, and legs are all thickly covered 
with hairs and bristles, the arrangement of which has considerable 
speciflc value. Bristle ridges (rows of thicker bristles) occasionally 
occur, usually upon the head and thorax. 

The abdominal viscera may be obtained in the following manner : 
The flea should be killed in chloroform and examined under the 
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microscope upon a glass slide in a 3rop of normal saline solation. The 
bead is held firmly by means of a needle held in the left band and 
inserted into the groove of the antenna. If, with the right hand, a 
second very fine needle is now inserted diagonally beneath the edge 
of the 3rd or 4th abdominal segment, the greater part of the abdominal 
wall may be pulled apart and the viscera will be exposed. 

(4) Diptera. — Of the larvee of Diptera, those of Muscidse are 
occasionally, those of CEstridfe permanently, parasitic in their habit. 
These larvse are commonly known as "maggots," and are readily 
obtained by exposing a piece of raw meat or the dead body of a small 
mammal to the air. In summer, decomposition soon sets in, and the 
smell of putrefaction will attract flies of several different species, 
which are in search both of food and of a snitable place in which to 
deposit their larvffi or eggs. The varieties most commonly met with 
are the blow-fly, CalUphora vomitoria (L.), and the very similar 
C erythrocephala (Meiz.), and the meat-fly, Sarcophaga carnaria (L.). 
The Calliphora varieties deposit eggs, while the Sarcophagidie are 
viviparous. The larvEe of the cheese-fly, Piophila casei (L.), which 
perform springing movements, are found in decomposing cheeses of 
the softer kind; those of Teiclwmyza fusca (Macq.), which are flat in 
shape and forked at the hinder end, are found in decomposing urine 
and in earth which has become soaked with it ; the larvfe of the 
house-fly, Musca domestica, L., occur principally in dung and other 
excrements, where the larvse of other species, notably those of 
Homalomyia, are also usually forthcoming. The larvte of HoTtialo- 
mi/ia are flat, the segments being furnished upon each side with 
feathered appendages ; they are generally found in rotting animal 
and vegetable substances. 

The rearing of these larvae artificially is usually a simple matter. 
The substance containing maggots should be kept upon the ground ; 
it should be kept sufficiently damp ; and should be covered over wnth 
wire gauze. 

The larvEe of Calliphora, Sarcophaga, and Musca are very similar 
in appearance, The cyHndrical body, which is pointed in front and 
cut off sharply at the back, shows distinct segmentation. At the 
pointed end, the hard parts of the oral cavity appear as brownish- 
black marks; the anterior edges of the segments bear circular ridges 
of a brownish colour ; and there are two brown points upon the blunt 
posterior end. These markings will be clearly seen if the larvie are 
killed with hot water or hot 70 per cent, alcohol, and examined, either 
with a magnifying glass or with a microscope fitted with a low power 
lens, the object being lighted from above. The dark colour of the 
segmental ridges is seen to be due to the presence of numerous 
minute thorns, while the dark points at the posterior end reveal them- 
selves as small oval scales which in, OaUipkora and Sarcophaga, have 
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three straight fissures, in Musca three crooked ones. These fissures 
are the orifices leading to the tracheae. The posterior field upon 
which these stigmata are placed is convex in Musca, slightly concave 
in Calliphora, and very much sunken in Sarcopkaga. In the latter 
species, its thickened edge (fig. 100, a) bears numerous pointed, fleshy 
growths which are easily seen with the glass. These growths are absent 
in Musca. Ventrallyof them in Sarcopkaga is the anal lamella, which 
varies in shape in different species. 

The Gtigmatic structures do not remain un- 
changed during the entire course of larval life ; 
on the contrary, they undergo three develop- 
mental changes. In the first stage, when the 
larva emerges from the egg, both longitudinal 
tracheal tubes are present, and have their 
orifices placed posteriorly, as in the older larvse. 
The stigma is simpler, however, than in the older 
larvae. In Musca, it appears as a bole with a 
heart-shaped border ; while in Calliphora and 
Sarcopkaga, it is a true stigmatic lamella, but 
furnished with two, not three, fissures. If the 
external temperature is sufiiciently high these 
larvEe will slough their skin at the end of twenty- 
four hours, passing into their second develop- •B-fi-rrrv~n-tnsi*k 
mental stage. Two anterior stigmata, of some- 9iA4iukwWC>^ 
what different structure, now appear upon either -'^J?-, 99— i-ary* .o' 
side of the second segment. The longitudinal >iagi^fied. 
canals of the tracheal system divide at the 

body-wall into a fan-shaped arrangement of short branches, which 
project more or less beyond the body and vary in number and 
shape according to species. After the first sloughing, the posterior 
stigmatic apparatus becomes larger, with more clearly defined border 
and, in the species here described, is generally furnished with two 
straight fissures. It is not until after the second sloughing that the 
posterior stigmatic apparatus assumes its final form, that, namely, 
of three somewhat convergent fissares which, in Calliphora and 
Sarcopkaga, are straight or very slightly curved, and in Musca are 
serpentine. 

It should be noted in passing that, when the larva sloughs for 
the third time, the skin is not thrown off, but is retained and, after 
becoming shorter and very much browner, forms a resistant envelope 
in which the pupa is enclosed. 

Certain changes also take place in the mouth-parts, especially in 
those of the larvse of Musca. These, as well as certain peculiarities 
of the chitinized body parts, are best seen in larvEe which have been 
treated with potassium solution. The action of the fluid will be 
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hastened if the dead larva is first pricked in the back with a fine 
needle. After removal from the fluid the soft body contents may be 
squeezed out through the needle-hole. Clean water should be added 
and the raanceuvre repeated until the body cavity is quite empty. 
The cuticle and its appendages will now be of sufBcient transparency 
to be examined in water. The soft parts are only to be seen in 
anatomical preparations. 

The larviB of (Estridae, 
o (J3 or Bot-flies, are found in 

li these latitudes in game 

y^^ animals and in the domes- 

tic mammals. Three 
groups are recognized : the 
CuticoltB, the Gastricola, 
and the Cavicola. The 
larvae of several species 
of Gastrus inhabit the in- 
testine of the horse; those 
of Hypoderma bovis are 
found in abscesses under 
the ekin of cattle; and 
those of (Estrus ovis in 
the nasal cavities of sheep. 
As a general rule, only 
larvie in the third stage of development are found. Very little in- 
formation is forthcoming concerning the young stages and, in some 
cases, they are quite unknown. In certain species the young larvee 
inhabit different organs {Hypoderma bovis). 

The larvee of CEstridee are somewhat larger, otherwise tbey conform 
to the general structural organization of the larvae of Muscidas. Slight 
differences in the body shape, in the mouth-parts, iD the arrangement 
of bristles upon the body segments, and in the structure of the anterior 
and posterior stigmata, serve to distinguish between species, without 
reference to the organ or to the host from which the larvae have been 
taken. 

CEstridse may be cultivated artificially in earth, but only if ripe 
larvae — those, that is, which are on the point of leaving the host in 
order to become pupae — are used. The ripe larvee are recognized by 
their colour, which changes before they quit the host. 



Fia. 100.— Sarcophaga camaria. a, b, and c, 
Btigmatic appamtua during the three atagea of larral 
development d, Anal end of a mature larva «een 
from behind. Magnified. (After Portschiuaky.) 
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„ blepharoblaet of 

„ classification 

„ flagalla of 

„ methods of nutrition 

„ DuoleuB of 

„ periblast of 

,, undulating membranes of 

Flat worms, preservation whole 



„ abdominal s^^ents of ... 

„ infesting rata, conveyance of 

Trypknotomes by 19 

„ l^sof 189 

„ mouth-parts of 187 

Flies (see Bot-fly, Cheese-fly, Meat-fly). 

(See also Dog-flea, Water-fiea.) 
Fluke (see Cat-fluke, Lancet-fluke, 

Liver-flttke). 

Food, infection by 93 

Food-stuOs inhabited by species of 

Tjroglyphidte 180 

Food-vaouole in protozoa 3 

„ „ absence of ... 3 

Fowls, Analgidffi inhabiting 131 

Fox, Tffiniee found in 158 

FringiUids, blood parasites of 13, 14 

Frog, development of Bhabdoruma 

nigroMnosum in 117 

,, tHplodisevs subclavatus para- 



,, inhabited by Eehiriorhjptchu* 

karuca 

. , intestinal canal of, distomss and 

amphistome inhabiting 
,, „ ,, of, Bnlamceba 

,, Trematodes parasitic in 
Frosch, agar madium formula for cul- 
tivation of Amceb* 

Oadas, skull of certain varieties in- 
habited by Lentospora cerebratU ... 
Qall-bladder, parasites found in 

,, trematodes in 

., of cat, examination for 

Trematodes 

Oamasids 

Gamete forms of gregarlnes 

Qametocytes 

„ of Hcemoproleut noetua 



137 
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Gammarua pukx (watat-flea), inter- 
mediate host of apecies of Echino- 

Qamogony 4, 

Qaslerostaa aeuUaius (stickleback), im- 
mature tapeworms in 

Oasttroatomum 

Oattrodiscus hominii 

OaatricoUs 

QastTUt 

,, larvEe of apecies of, inhabiting 

inlcBtine of horse 

Geese, Hymenolepis lanctolaia found in 

Oeneratioii, alternation nf. in Pleitto- 

phora periplanet<B 

,, „ in protozoa 

„ alternation of, in Thelo- 

hania mttlUri and 

W«-' 

n sboep, origin of 

I modification of Bomanow- 



■'Gid"i 

Oiemsa's 

sky's stain ... 

Okasijta fusca ... 

,, palpatis 



66, C 



trjpanoeomeof Bleep- 
ing si ' 



veyed to man by... 
GIiifeaiinomaia,cnidospare of 

„ „ complex development 

., ,, cysts formed by 

„ ,, host of 

„ lopkii, cysts formed by ...26 

Glycerine 

Glycerine-gelatine 

„ „ preservation of Aoan- 

thooepbales in ... 
„ „ preservation of Ne- 

matodes in 101, 

Qnathosloma hUpidum 

Qnats. true hosts ol blood parasites ... 

Oold-chafer 

Qorgodera cygnoidea 

Oorgod^ina vitelliloba 

Qregarina blallarum 

„ atnealor ... 

,. polymorpha 

Qregarinea, cuticle of 

,, of earthworm 

, , gamete forma of 

„ of meolvorm 

,, reproduction of 

,, reproductive bodies ol 

., structure of 

(See also Hsmogregarinee.) 

Gregarinidie 

HMmatopinus 

Hcematopinta spinuloaui 



a by ... 11, 

Hfemoflagellatea 

(See also Blood parasites.) 

Hixmogregarina slepanowi 

Heemogcegarines in lizards 

in tortoises 

transmission by ticks 

Hamophysis concinna 

punctata 

Hamoproteus 49 

blood parasite of birds... 
for free-liv- 
ing forms 
of processes 
of fertih- 

of reproduc- 



,, ,, cell-parasitio. non- 

flagellate stages 

, , „ changes of asemal 

forms (diagram) 
,, ,, cultivation on 

blood-agar 
„ ,, fertilization of ... 

„ „ nuclear stnicture 

of 

,, ,, parasitic in blood 

of birds 
„ ,, parasitic in blood 

ofowl 60, 

,, ,, pigment granules 

Hiemosporides 

(See also Blood parasites.) 
ir tolliclea inhabited by Demodex ... 
Halipegus ovocaudatui lIHstomum ouo- 

caiidalua) 1 

Hamann, method of preparation of sec- 

ons of Acanthoccpbalea 

Hamster, trypanosomea of 

Hnplometra 

Hare, bladder-worm found in 

Hartmann, dilution of blood in exami- 
nation of fertilization proceeaes of 

Hismoproteua 

Heidenbain's iron-hffimatoiyiin in ... 
Helix, coccidia found in kidney of ... 

Helminthes 

,, absence from intestine of 

animals long in captivity 

,, decomposition of. quick... 

,,' development, stages of ... 
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Helminthes, egga of, coccides mistaken 
for 



76 

aiamination ... 10? 
„ preservatioii 100, 111 

enoyBled 97 

„ in liver 97 

eiomi nation of eicreto 

BUBp«Qlied of containing 114 
■I „ Eioobb'b method 111 
examination of inteBtines 

of mammalB and fish for 93 

feeding experiments with 116 

" free -living " 92 



ing larvEB ... 119 

,, in invertebrates 9B 

„ paratitio in man, dak of 
self -infection nhen hand- 
ling 121 

„ preBervation, method of 98, 

107,106 
for museum 
purposes 106-109 

,, tearingof 116 

„ rarietiesof 92 

Httmeguya 80 

„ otHp«rda, host of 31 

Bippobotca Tufipes 49 

Hinidinsa (leeches] 92,169 

alimentar7 caoal of ... 171 

„ anualationa of 170 

examination of, method 170, 171 

,, jaws of ... 172 

„ longitudinal canals of ... 170 

„ nervous system of ... 173 

,, preparation of sections 173, 173 
„ transmission of blood 

parasites by 60 

Hirudo medicinalit 169 

Hofer, erroneous idea of origin of small- 
pox 32 

Hofer, D., formula for fixing fluid in 
preservation of Nematodes and Hel- 

and Helminthes whole 99 

Hofer's mixture 131,188 

Homalomjfta 190 

Hooked worms (Acanthocephala) 93, 165 

Horse, anoplocephales found in ... 166 

„ ciBOum of, infusoria found in... 90 

,, hostof Sarcoepiitttertramt ... 36 

„ inteetine of, inhabited by larvB 

of species of Oiufnu ... 193 

,, Nematodes parasitic in 161,165 

„ threadworm of 1S9 

,, verminous aneurism in ... 166 



PAOB 

Host, agency of " odcftes " and ... 63 

Host-speciea ol Helminthes 97 

Bymenolepi* iig, 169 

„ dimmuia ill 

„ lanetoiala 141 

,1 „ fonndin ducks 

and geese... 169 
„ tnurjno, parasitic in intes- 

tine of rats and mice 126, 137 



Hypodtrma bovit 



114 



Ichthyophthiriut mulUfiUta 91 

Infectious diseases, Ixodidie carriers of 176 

Infusoria in caecum of horse 90 

ectoparasitic, of flsh ... 91 

in intestine of frog 87 

noolel of 86 

pellidaof 1 

in stomach of ruminants ... 90 

Insecta, paraBitic 183 

Intestine of captive animals, Hel- 

minthesoften absent from 96 
examination of, for Hel- 

mintbes 95 

„ of frog, infusoria found in ST 
„ Helminthes most frequently 

met with in ... 93,96 
,, (human), Nematodes parasi- 
tic in 161 

„ (large human), habitat of 

Entamaba eoU 18 

„ of Lithobiut, Coccidia found 

in 69 

„ of mammals and fish, 
examination for Hel- 
minthes 98 

„ (small human). Inhabited 

by Latnblia irUtatiaalit ... 11 
„ of swine, Batantidia found 

in 90 

Invertebrates, Helminthes in 98 

Iron heematozyliu, stainiug hy ... 30 
„ „ „ sectionsbyl3, 78 

Uatpora bigemina 70 

Ixodtt hexagOMU 176 

„ rictniM (dog tick) 176 

„ female 177, 179 

„ „ male 178 

„ ,, transmission of Baiema 

bovit to cattle by ... 60 

„ fenutrosfm 176 

IxodidfB 176 

„ carriers of infectious diseases 176 
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legs of 179 

„ mouth parts of 179 

„ process of reproduction ... m 
Eoisar, method of preparBbiou of sec- 

tiouBoE AcftDtbocepbateB 106 

KidMj ot Eeti^, Coecidialowai in ... 71 
Kittens, introduction oi Cj'stioerci of 

Tania crassicoUis ialo 125 

£2<Mtia I fertilization in 72 

Koch, ortifioial infection oE mice with 

Sarcosporidee 36 

KSohenmeister, F., reatiog experi- 
ments with tapeworms 115 

Laotopbenol, preservation of Nemft. 

todesio 103 

Lalaps itabularU 160 

Latnbtia inteetinalis ... 41 

„ adherent to intestinal nail, 

rarely present in contents 41 

,, Bagellaof 41 

„ presence in intestine of mice 

and rabbits 41 

LatnittonopUs galUnamm 181 

Luioet-fluke (Dia-otalium laneeoUitiim) 

133, 134 
,, points of difference from 

cat-fluke 134 

Larvn (tee under names of various 

Lavtrania malaria 65 

„ „ sei- forms, flnal 

stages of development 63 

Laeohea (Hirudinaa) 92,169 

(See also Hirudinea.) 

Leithmania 63 

„ donovani 48 

,, ,, citrate of soda 

cultures ... 47 

Lemnisoi in Acantliocepbala 166 

Lentoipora cerebralii 83 

,, ,, hosts of 32 

Leuckart, method of obtaining larvce 

of Acanthocepbala 169 

Leuoocytozoon, blood parasite of birds 43 

„ boat of 43 

„ litvMimi. parasitio in 

bicod of owls ... 64 

Lioo 185 

„ conveyance of serum parasites b; 49 

„ mouth -parts of 186 

(See also iia(-ftce, Wood-lica.) 
Limmtita mtnuliM, intormadiate host 

otlivec-fluke 127 



Limtueai mtnuttu, shell of 127 

„ stagnatia 141 

lAngaatuia rkituxria 182 

Linguatulidn 93,183 

Lilhobiut forfieatui, Coccidia found in 68 

Liver, onoysted Helminthos in ... 97 

„ of rabbit, Coccidia found in ... 72 

„ round norms in 97 

Livec-fluko {Foiciola hepatiea), egg of 110 

„ egg of, development ... 116 
„ „ distinguished from 
those of other andopara- 

sitic Trematodes ... 110 

,, injection of specimens ... 137 
,, method of oiamlnation 136-140 

„ miracidium of 117 

,, parasitio in sheep,.. 127,128 
,, position of uterus in 109, 110 
„ eeotion-cutting of speci- 
mens 137, 138 

„ stomaoh-tube and excre- 
tory system 137 

„ yolk-cells of 183 

Lizard, hfemogregarinas in 44 

„ host of Bodo lacerta .. ... 38 

„ „ TrichomeulixlacerUf... 40 
„ intestinal canal of, Amcebce 

found in 20, 21 

LooBS, cnlture of eggs of AiikyUMoma 

diwdenaltia fieoes 117 

,, glycerine method for preserva- 
tion of Nematodes 102 

„ method of examining excreta 
suspected of containing Hel. 

mintbes 114 

,, method of isolating Nematode 

larvM 119 

„ method of preservation of Hel- 

minthee for museum purposes 108 

Iioose-flies, carriers of blood parasites 49 
L^e, method of preservation of Hel- 

minthes tor museum purposes ... 109 

Lumbrlci, Oregarines found in ... 77 

Lung, Nematodes parasitic in 164 

„ Stremgyliu nanus to<iaA'\a ... 94 

Lynohia 49 

MoNaat (see Novy and McNeal's 
method). 

Macrogametoojtes 63, 73 

,, ai Btemoprolatu 

noclum ... 61 

Maggots 190 

Malaria in man, development of ... 67 

Mallc^haga 185 
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Mallory's mstbod of atainiiig paraffin 

aeotions 13 

Mammals, blood paTaBiteB of 43 

„ domeatio indigeuoUB Vbrie- 
ties of Trematodaa para- 

Bitic to 140 

Man, development of Ascaris lumbri- 

coidtsin 121 

„ malaria in ... 67 

„ infection bj SaTCOsporides ... 86 
„ Farampbistomids occurring in 110 
„ risk of self-infeation when hand- 
ling Uelminthes parasilic in 121 
„ species of Acarina parasitic in ... ITS 

,, threadworm found ia 169 

Manteufiel, tranamiasion and subse- 
quent mechanical couveyanoe of 
SpiToickavdinnia recurrentis ... 48 
Hauson, Sir P., F.K.S., dilution of 
blood in examinatioQ of fertilization 

proceaaes of HiBmoproUus 62 

tla^'ohafec (see MelaUmtha vulgaris). 

Mayer's mixture ITS 

Mealworm, gregarinesof T9 

Maat-fly {Sarcophaga camaria) ... 190 
Melolontha vulgaris (may-ohafer),Iarvi8 
of. intermediate boat of Echinorhyn. 

thus gigat 169 

Mercurial sublimata (see Picric acid 

and mercurial sublimate). 
Mercuric chloride, alcoholic solution 

of, flxingmiitura 7 

Merozoites 4, 68, TO 

Mesooestoidea 158 

Metabolism, organelles of, in protozoa 2 

. Mtlorchis albidus 97,141 

„ truntalus 97, 140, 141 

Micro'aquarium (Schaud inn's), for cul- 
tivation of Amcebee ... 10 

Microgametes 66 

Microgametocytes of HtemopTOleus 

noctiue 61 

Micropyle 68 

Microscope, preparation of mosquitoes 

for 68 

Jlicroaporidcs 22,23 

,, cnidoblast of 28 

„ hosts of 23 

Miners, prevalence of Ankylmtvma 

duodenalt m 164 

Mitacidiumot liver-fluke IIT 

Mites, burrowing 181 

ifotiUiia dtntu^lala 1S7 

„ expansa 167 

„ ., egg of 168 

,, „ proglottides of ... 158 

JToiuxyslis lumbrici 77 

ilottostomutn ai 



PAGK 

Mosquitoes, apparatus lot catching ...St, S3 

„ dissection .out of salivary 

glands, method 53, 54 

,, examination of 50, 51 

„ ,. parasites in 63 
„ female, digestive and cir- 
culatory organs (dia- 
gram) 54 

„ points of distinction be- 
tween males and females 51 
„ preparation for microsoope, 

method 35 

,, ,, permanent 4S 

,, true hosts of blood parasitea 46 
Mouse, artiGcial infection with Saroo- 

sporidas by feeding 36 

„ bladder-wotm found in liver of 156 

,, host of Sarcocystia muria ... 36 
,, intestine of inhabited by 

Hymenol^ns murina ... 126 
,, „ „ inhabited by 

form of Latnblia 41 

„ large intestine of, ETilamteba 

murufouad in ... ,:. 30 
„ production of Triehinje in 
intestine by feeding with 

trj chin aus flesh 164 

„ (white), infection with oysli- 

cerci of Tisnia criuitcoUu... tS4 
Mouth, human, Entamaba bucealit 

found in 19 

„ Infection of Helmiutbes chiefly 

by way of 131 

Miiller's miiture 101 

„ , , for preparation of sec- 
tions of Helminthea 106 

JIfiuca, larvK of 190, 191 

„ domatica 190 

Muscide 190 

Mussels, trematodes inhabiting ... 141 
Myonemes (or iibrilltB) in Trypano- 

somidffi 67,56 

Myxides, cnidospores of 37 

Myxidium lieberklihni 26 

„ ,, host of ... 37 

Myxobolides 29 

eiaroination of ... 39,30.31 

,, formation of spores ... 31 

, , infection of giUs of fish by 90 

I, nuclei of 30 

,, vacuole peculiar to ... 30 

Myxobolta 30 

„ cjiprini. host of 33 

„ pfeifferi, formation of onido- 
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Mj-xosporidM, cnidoblastof 

„ pMMitic among fish ... 

,, sUining bj MbUoiy'a 

method 



dehydration ol 
eggs of, development 



Itee-liTiug .. 
larvK of, method of isi 



in 



gelatine 101, 
,, „ in lactophenol 

(See ftlgo ThreadwoniM.) 

Neoaporides 

,, cnidospore of 22 

Neosporidia 

NoMma bambydt, invasioa of aud 

destruction of silkworm by 23 

Noiocotyle vemuMia 

Notcedrei 

Novy and MoNeal's method of pansite 
cultivation on blood-sgar 56, 

Nutrient media, solid, cultivation of 
Amoebee on 

Nyctotherut cordiformit 



Octopus, developmeat of .merozoitee in 81 

(Bstrids (bot-flies) 190, 193 

CEatrwoois 193 

„ „ larvs of, found in nasal 

cavities of sheep ... 193 

OUtilanua tricuapii in gasCrio mucosa 96 

Oncosphere of ZMpyiidtam canininn ... Ill 

at Tania africana ... lU 

OOcysU, development of 73 

,, transmission to fresh host by 68 

Opalina of Infusoria 87 

Opisthiogljipke endoloba = IHttomum 

endotobum 130,181 

(^/iatJuirchU, c<niiparison with Fateiola 137 



FAOI 

OpisthorehU /elimua (oat-fluke) 91, 97, 110, 

128, 133, 131, 111 

„ pxeudo/elineus 97 

Osmic acid, fliing mixture 8 

Osmium (see Chromium and osmium ; 

Platinum and osmium). 
Otodectet cynotU, found in outer ear of 

dogs and cats 132 

Ova, injection of, apparatus for in 

Acanthocephala 167 

Owl, Letteocytotoon eitmanni parasitic 

in blood of 64 

,, common brown, Htemoproteu* 

nocfiue parasitic iu blood of ...60,61 

Oxyurit 161 

„ eompar 94 

„ eurvula 161 

,, maitigodcs , 161 

,, vermiatUirit 16S 

eggs of ... 113, 113 



In 



children 



Faiudina Ill 

Pancreatic secretion, influence of on 

aporozoite 74 

Pansporoblasts 26 

Paraffin, methods of embeddii^g Proto- 
zoa in 10, 11 

Parampbbtomidc occurrir^ in man... 110 
cervi = Atnphiatomwn 

138, UO, 111 
Pellicle of Infusoria and soil AnKsbee 1 
Penghawar-Djambie, use of, in embed- 
ding Protozoa 11 

PerUoitotna denticulalum, larval stage 

of Lingualula rhinaria 183 

Periblast of flagelUtes 1 

Petri's glasses, cultivation of Amoebae in 16 

Phlhiriua 186 

,, puiU 18B 

Picrio aoid aud mercurial sublimate, 

acetic acid solution, fixing mixture 8 

Picro-formol, fixing mixture 8 

Pigment granules of Hmmoproteiu noe- 

tlUB 61 

Pike, urinary bladder of inhabited by 

ISyxidium lieberhahni 27 

PiophUacasei (cbeese-fly) 190 

Placobdella 60 

FUmorbii Ill 

Ptatmodium vivax 66 

„ „ paramte of tertian 

fever 43 

Platinum and osmium chloride, aoetio 

acid solution of, fixing mixture ... 8 
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Pleittophora, multiplication of ... 35 

„ periplaneta, alternation oC 

geasration 25 
host of ... 21 
PlsimooldB, found in fresh-water fish 151 
PUurogmes claviger = Ditlomum claoi- 

genim ISl, 133 

medians 181. 132 

Pneumonecet {Pneumoneeei varitgalus 

and P. similis) 130 

PoljQuutigina 39 

Polystomam integerrimum 129 

Pork, tricbiooua, oiMHinatioo of ... 361 
„ „ intensity of infection 

163,164 
Poultry, CsBtodee inhabiting ... 158,159 
ProhMKie-sheath in Aoanthocepbala... 166 

Proiotoats confusut 131 

Proithoganimus pellutidM 141 

Proglottides 96 

(See also under names of species.) 
Prottotoma, blood parasite of birds 43, 44 

host of 49 

„ transmission to canaries 45 

,, „ maintenanoe of 

infection 45, 46 

,, pracos 65 

Ptotomonadines 38 

Proloaoa, contractile vacuole of ... 3 
„ development, study in living 

specimens 6 

„ ectoplasm of 1 

„ defecation by 3 

„ embedding, method 10 

,, endoplaam of 1 

,, examination, evaporation of 
EQedia to be 
avoided ... 6 



„ ol living speci- 

mens by'drop 
cultures ... t 
„ restriction of 

motility under 
,, of, technique 

fecundation 

„ by autogamy ... 

,, by conjugation 

„ hy oopulatioa ... 

food-vacuole 

living, staining of 

nucleus of ... 

organelles of metabolism ... 
„ of movement ... 



ProtoEoa organelles of protection and 
support 

„ organisation of 

,, paraffin sactionB, staining ... 

,, parasitic, examination in 
natural medium 

„ parasitic, fixation id cover- 
glass preparations 

,, parasitic, fixation in cover- 
glass preparations. See 
also Cover-glass prepara- 



by 1 



I of 



„ preservatioi 

carragheen o 

,, propagation ... 3 

„ pure cultures of ' 

„ restriction of motility under, 

by use of carragheen ... 5, fi 
„ sections, decolorisation 13 

„ „ staining, degree of 

difierentiation 12, 13 
„ ,, ,, metbodBll,H 

Prussian-blue, injection of 137 

Pteudo-eoceidiida 75 

Pseudopodia 2 

PioropUt IM 

PaUx irriUttu 188 

,, aerratictps (dog-flea) 126 

Rabbit, bladder-worm found in ... I5G 

„ CyiUcerciii pitiformii ot ... 153 
„ intestine of , inhabited by forma 

oi LambUa U 

livar of, Cocctdiu found in ... IS 
Bat, bladder-worm found in liver of... 156 
, , fleas infesting, carriers of try pano- 

somes 49 

,, host of Sarcotyttitmuria 36 

„ inteBtineof,inbabitedbySj/>n«no- 

(.pwrnurwus 136,137 

,, mechanical conveyance of S. rt- 
eurretUU hy rat-lice, after 
transmission by inoculation to 49 
,, production of Trichinte in intes- 
tine by feeding with triohinons 

flesh 164 

„ trypanosomes of 43 

,, tsetse trypanosome cultivable in 46 
,, (white), inoculation of trypano- 
somes of rats into ... 45 
Bat-lice carriers of organism of relaps- 
ing fever {S. reearrentis) 4S, 49 
,, examination for Trypanotoma 

Uuiiii 60 

„ transmission of trypanosome 
by, as host and mechani- 
cally 49 
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SchiBoota 6 


Reptiles, blood p&rasitw ol 


41 


Solerostomum apri 




139 


annatun 






fii^i^ 


ittfrog ... 


117 




,, „ male of free- 




Soolicea of brood capsules in Echino- 


living gene- 




eoeeui 


ntlon of... 


118 






117 


Seminal vesicles of earthworm, gre- 


Rhizopoda 


M 


garines fouad in 


Bhymihola aplfra 


186 


Sepia, development of merozolteB in.. 




13 




„ Oiemm modifi- 






cation 56,68 


,, bladdec-worm found in omen- 


Bostellum of Tttniidfe 


151 


tum of 


Itound worma, preBsrvation whole . . . 


100 


„ oyatioercoidstageof T.canurtit 


Buminanta, Anoplocephalines occur- 




found in brain of 


ring in 


167 


, , host of SarcoeystU UngUa . . . 


infusoria found in sConuMb 






of 


90 


of Teenia parasitic in 


Safranin, staining seotiona by 


12 


,, larva of (Eatrus ovit found in 






nasal cavities of 


spora car^rraHl 


82 


„ liver-fluke parasitic in... 127 


Sonfelice, on habitat of SaTcocyslii 




, , Nematodes parasitic in 


blanchaTdi 


36 


Siedamgrotrky, on habitat of Sareo- 


Sarcoeyitis bertrami 


36 


cyitii bertrami 


host of 


36 


Silkworm, destroyed bj Nouma 


bUmchardi 


36 


6om5j(CM 


hoBtof 


S6 


„ host of J^osema bombyei* ... 


mUxhtriana 


33 




boat of 


83 




muris 


36 


Sleeping sickness, trypanosome of con- 


,. hosUof 


36 


veyed to man by OtowinajwifpalM ... 


tmella. hoai oi 


31 


Smallpox, erroneous idea of origin ... 


Sareophaga, larrw of 190 


191 


Smith, artificial infection of mice with 


eomona {meat-fly) 


190 


SarooBporides 




188 




Sarcoptei 


176 


„ Trematodes inhabiting 


jcaftiei {male) 


181 


tSes also Limnaus.) 


Satcoptidfls 


180 




SarcDsporides 2 


,33 


division and 


artificial infection of mice 




combination 


by feeding with 


S6 


of nuclei ...2 


,. coloured preparations ... 


34 




, , infecting mammals other 




onidoapores 


than sheep and swine 


86 


„ host of 


infection of human spe- 






cies by 


36 


conveyed by ticks 


apores of, eiamination... 


36 


Spiimchaudinnia dutUmi. canse of 


„ staining 


35 


African tick-fever ... 


Schaudinn's method of embedding 






protozoa ... 10 


11 


bed bugs and rat-Uce 


,, micro-aquarium tor oul- 




tranamisaion by inocu- 


tivation of amtebte ... 


16 


lation to rats and 




1*0 


mechanical convey- 


Schizogony 


i 


ance by lat-lice ... 
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